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The Kariba Project

G. A FF]TRSDN BA. M
1. Mech E.. M.Rhod

A. THE POWER SUPPLY SITUATION
IN THE RHODESIAS BEFORE THE
KARIBA PROJECT WAS UNDER-
TAKEN.

power supply situstion in _the
Rhodesias in the mid-1950's was comparable
in many ways with that existing in Furope
at about the time of the first World War.
Power production was still concentrated
mainly in mmrmumly small thermal power
stations supplying individual communities
although some degree of interconnection
ween power stations had already evolved
and several areas were served by Jocal trans-
mission systems or “grids.” The largest of
these was that of the Southern Rhodesia
Electricity Supply Commission which by the
msm had established an extensive S8kV:
lnwu voltage transmission system serv-
ited d of interconnection with
the mpr cities of Salisbury and Bulawayo.
A smaller but more heavily loaded grid had
also been provided in the Northern Rho-
desia Copperbelt_by the Rhodesia Congo
Border Power Corporation whose 66kV
system linked the principal mine generating
plants. These grids were, however, local in
clmnwler and no general interconnection
n the power stations and consuming

cenm:( nl the Rhodesias existed.

This stage in development was a natural
one at the time and had been dictated

of development, however, it was not pomblc
for the_eleciricity supply indusiry of the

Rhodesias to take full advantage of the
great technological developments in electri-
City generation and transmission which had
taken place mainly from 1930 onwards and
which had resulted in higher efficiency,
greater reliability and lower costs.

advances were associated with the use of

by

very large generating units, with high
voltages and with other advanced design
features which could not utilised
economically by relatively small isolated
undcrlakmFs and with the advantages of the
now familiar concept of interconnection
between individual power stations.
The pnmpal mlmnlagw of interconnec-
tion are of col
[} Lmal power reguirements no longer
6 be met from the local power
muons If & cheaper source of
power is available elscwhere on the
interconnected  system  then
can be generated there and trans-
mitted over the grid to the point
where it is required. Thus, at all
times, power can be produced in the
plnms with the lowest production

i Th= »’.‘mtly provision of qmc grnzrarr
plant 15 much red;
pnwcr stations are uc-lnmd each mu:l
have at least one spare tor as
nn insurance against plant break-
en power slations are
Imked by a grid the total pmwsmn
of spare plant can safely be reduced
u it is reasonable to assume that
reakdown will mot occur in all
slnlions simultaneously.

Against this background, the demand for
clectricity in the Rhodesias at the time was
growing apidly. This will be clear from

Figure 2, which shews the growth of
electricity demand in the Rhodesias over

of load has averaged some 119 per annum,
corresponding to a doubling of demas

every six and a half vears. A further factor
which had to be taken into consideration
was the periodic |mda|un of coal supplies
from the Federation’s only major colliery
at Wankie and_the difficulty which was
experienced at times by the Rhodesia Rail-
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ways in transporting coal from Wankie to These included:—

rmal power stations in other parts of the i ;
Faderation. The location of Wankie Collicry e e
and of the main railway lines is shewn on load cenires.
Figare 1 and it will be seen that Wankic is 1 i
in the North Western corner of Southern L The deviual X 2 e vithond
Rhodesia, remote from the main centres of pawer st 8t Wanics ‘colljery
populalmn at Salisbury, Bul_“yﬂ &0 associated wub high voltage transmis-
the Northern Rhodesia Coj sion lines to transmit the power (o the
railway haul from Wankie to the Copper- loiad centres.
belt, for example, is some S50 miles and to 3. The development of a large water-
Salisbury some 470 miles. wer station on the Zambesi or

In this situation the advantages to the o slar lgh Foltege
Rhoesias which would follow Sy
connection of the gen:rnhan stations and 4. Nuclear cnergy.

(i et (o hydro-clectric rather
than coal-fired generating amnom as the
means of meeting increased power require-
ments were obvious, Before any decision
was reached, however, a careful study was
made of the alternative methods of develop-
ment of the power supply system which
were possible,

The last of these aliernatives — the
possibility of employing nuclear power —
was soon concluded to be both impractical
and uneconomic. At that date the best
estimate that could be made of the cost of
power from nuclear stations was that it
would be something like iwice the cost of
power from conventional coal-bu
stations. A further difficulty associated with
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nuclear power stations was the highly

iall staff requi 1o operate and
maintain them; such staff is not available in
the Federation and owing to the large-scale
development_of nuclear power stations in
the United Kingdom and clsewhere, would
have been very difficult (o obtain. Further-
more, the isolation of the Federation from
the works of manufacturers undertaking the
highly ~specialised producing
nuclear power station equipment was also
a serious disadvantage and finally, the
supply, treatment and replacement of fuel
elements would have presented very serious
problems.

The second of the alternatives listed
above—the construction of a large pit-head
coal-burning power station near kie
Colliery — was also judged unsuitable. It
would have imposed a large additional
strain on the already overloaded coal mining
industry which would have required heavy

not very suitable as the main centre of
wer production for the Federation (see
Figure 1).

The effective choice thus resied between
the continued development of isolated coal-
fired power stations or the development of
a large hydro-clectric project coupled with

a high voltage transmission system to

vide a fully interconnected system with all
its advantages for the Federation. Technical
plans for these two alternati re-

pa and a_careful economic comparison
was made, The results of this comparison
were given by the Minister of Power to the
Federal Assembly in February, 1956,
Briefly, the capital cost of the additional
coal-burning plant which would have been
jred over the period 1960-1971 would
have been £101 million. The comparable
cost of the selected hydro-electric alternative
— the Kariba Project — would be £113
million, or some £12 million more. But
saving in coal costs and the longer economic
life of the hydro-glectric plant meant that
over the period reviewed (1960-1971) the
accumulated difference in annual produc-
tion costs in favour of the Kariba Project
would be £44 million and that at the end
of that period the difference in favour of
Kariba would be runming at nearly £10

million per annum. Thus, the economic case
for the Kariba Project was firmly estab-
lished.
To implement the decision to proceed
with the Kariba Project the Federal Govern-
ment set up the Federal Power Board under
the Electricity Act of 1956. The first duty
of the Board was to construct the dam and
South Bank power station at Kariba and
the 330KV “grid” of transmission lines Tink-
ing this power station with the principal
existing power stations in Northern and
Southern Rhodesia (see Figure 1). As soon
as this system, known as Stage I of the
Project, had been brought into operation,
the Board then had the duty to control the
output from Kariba and from the intercon-
nected thermal stations so as at all times
1o meet the total electricity demand on the
sysiem al minimum cost consistent with
reliability of supply. For this purpose, the
Kariba Project inciudes the construction of
a large Control Centre at Sherwood, near
Que Que, from which the whole intercon-
nected system of power stations and trans-
missions lines is controlled on a minute-lo-
minute basis and from which load is
allocated 1o the various power stations. The
Board refund 10 the owners of the inter-
connected thermal stations the aetual costs
of production at these stations and sell back
to them in bulk a mixture of Kariba and
thermal power under a standard tariff.
The Project was financed by long-term
loans. The International Bank for Recon-
struction ai nt_is lending the
an amount in various currencies
equivalent to 80 million dollars, 10 be used
for goods and services purchased outside
the Federation. The Colonial Development
Corporation is lending £15 million sterling
and the Commonwealth Development
Finance Company £3 million sterling. The
jeral Government has undertaken to
make Joans to the Board totalling £Rh28
million from monies it will borrow for the
., and a further sum of £Rh6 million
should it be required. Of this £Rh28 million
the Rhodesia copper mining companies have
jointly agreed (o lend £Rh20 million to the
Govemnment; the British South  Africa
Company to lend £Rh4 million and the
Standard Bank of South Africa Limited and
Barclays Bank DCO., £Rh2 million each.
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It is expecied thai the average rate of
erest on the loans drawn by the Board
be about 519 per annum and the
period of redemption of these loans varies
Ptnes 19 od 33 Jhars:

B. THE DESIGN OF THE KARIBA
PROJECT.

1. GENERAL,

The design of the Project was entrusted
by the Board to Consulting Engineers who
wrkod out detailed proposals for the

approval and subsequently super-
vlsed l'ur the Board the construction and

The first stage power siation was fo be in
the Southern flank, to accommodate six
100 MW turbo-generator sets, of which five
would be installed in the first instance. A
cross-section of the works for the first stage
at Kariba is shewn in Figure 3.

Individual permanent intakes were (o be
provided immediately upstream of the dam
to lead water to each set, with temporary
intakes for the first and second sets at a low
level to allow generation to commence
before the lake filled.

After passing through the turbines, the
waler was 1o be led back to the river

testing of plant in the
factories and the construction of works and
the installation and {esting of plant on site,
All major contracts were placed by com-
petitive _international tendering and in
general included transport and erection.

2. THE Dam anp Orair CiviL
ENGINEFRING WORKS,

The Project involved the development
(ﬂr hydro-clectric purposes, of a site on the
mbesi River at the Kariba Gorge.
nppm:im:t:ly 240 miles dnmlre n of the
Vmum Falls, The very 1, engin-
eering works in this Project Imn been fully
described in a number of other papers and
only a brief resume will be given here,
By damming the river at the Kariba
ge, an effective netl water head of about
310 feet could be obtained and a large lake
could be formed to provide the seasonal zmd
mter»mwl\ﬂl storage of waler requi
nsate for droughts and floods. Caleu:
Iaunm indicated that the total quanmy of
energy available at this site would be 8,000
million kWh per annum for the proposed
height of dam.

The proposed dam was o be a double
curvature concrete arch dam (o raise the
dry weather river level by nbout 320 feet.
It ‘would have a height of about 400 fect

above the ’D\Ilﬂsllﬂﬂh and a crest length
of 1,800 fest. The ni top water level
proposed was lo be ISm feet above sea
level.

iner was to be generated in two under-

¥ stations excavated in the rock
at :he North and South flanks of the dam.

channel of the dam through
\hree surge chambers and _three tailrace
tunnels, i.¢., one for each pair of machines.

Accommodation underground was also to
be provided for the step-up 18/330kV trans-
formers in a separate chamber adjacent o
the machine hail.

The underground works were fo be con-
nected 10 the surface by an access tunnel
rm vnhlLlc\. by a lift shaft, and by a cable

The cable shaft was to accommodate
uu 330KV eables carrying the electrical
u-ul ut of the suwnn 0 a swm.hynrd on

ground above il

Other permanent wrk» at_Kariba were
to include a control and office building:
switchyard: workshaps and stores facilities:
and housing and amenities for the per-
manent  staff, with necessary
since the sile was

s, an aerodrome,
a hospital, and construction camps were o
be buill. A general plan of the township
and works area is shewn in Figure

The cost of the civil works at Kariba, as
described above, was estimated at £39.2
million, and it was considered that the first
machine could be commissioned at the
beginning of 1960. 1t was Lhnughl that the
dam would be completed by mid-1960, but
that a start could be made on impounding
water in the lake at the end of I Sw

In other parts of the Federation, a system
conirol bui dulg s to be constructed at
Sherws tations with their
associated bmldmg» u« itwe, Norton,
Sherwood, ‘Salisbury and Bulawayo.
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As the work progressed, some modifica-
tions were made (o the original programme,
the principal ones being that the beight of
the dam was 1o be increased by twenty feet,
that the sixth generating set was to be pro-
vided in the first stage and that a further
substation was (o be constructed at Lusaka,

The increase in the height of the dam
made it about 420 feet high above the foun-
dations, with a crest length of 2,025 feet.
The lake then became 175 miles long, with
a total storage capacity of 130 million acre
eet. In addition, the assessment of the total
encrgy available was increased to
million KWh per annum.

RICAL AND MECHANICAL

(i) Turbine-Generator Sets.

The 100 MW turbines are of the Francis
type (see Figure 5) which give their rated
output of 140,000 B.H.P. at a nett head of
282 feet. The mean newt head will be 310
feet when the lake reaches its normal
operating level. The maximum gross head
is 352 feet, The generators are of the salient
pole umbrella type, that is, with the trust

nd guide bearing beneath the rotor. The
‘machines run at a speed of 166.7 r.p.m. and
have a maximum continuous rating at 0.9
power factor, of 100 MW, the generated
voltage being 18kV. The diameter of the
stator is 32 feet and of the rotor 25 feet 6
inches, The total load on the thrust bearing
including hydraulic thrust is 660 tons,
Because of its great weight and large dimen-
sions (he generators, after assembly and
testing in the makes s in England,
had to be broken down for shipment 1o site,
the stator into quarters and the rotor into
many parts, the shaft, the hub, the spider
arms, laminated sections for the outer ring
and the 36 poles which dovetail into slots
in the periphery of this ring. The complete
rotor with ils shaft assembled for installa-
tion weighs nearly 400 tons and requires
the two ton power siation cranes lo be
coupled together to lower it into position

The machine is cooled by waler coolers
situated outside the stator in the closed air
circuit. The turbine and generator bearings
are also water cooled with water bled from
the penstock. Excit by a 364kW 360

wi
n is

volt D.C. machine, on the generator shaft,
 controlled by a combination of stalic
d rotating magnetic amplificrs, ending
with a flywheel booster, This has a high
rate of response fo assist in maintaining the
stability of the system. The machines are
designed for @ normal speed rise of 215
when full load is suddenly thrown off, but
they are tesied to full run away speed,
nearly double the normal speed. in the
maker's works. A permanent magnet
generator is coupled Lo the main shaft above
the excitor for use with the turbine
governor,

uxiliary equipment includes  built-in
carbon-dioxide fire-fighting equipment init
ated by thermostats in the hot air circuit,
high pressure oil-operated rotor jacks and
a compressed air breaking sysiem.
generators are protected by overall differen-
tial protection backed up by denite minimum
inverse time relays and over voltage relays.
(ii) Generator 18KV Switchgear, 18/330kV

Transformers and 330KV Cables.

The 18kV generator switchgear has the
Ligh curreat. ating of 4000 ‘amps and 4
short circuit capacity of 1,500 MVA. It is
of the air blast type and has a total break
time of 0.05 seconds. connections
between the penerators, generator {rans-
formers, and low voltage switchgear are of
hollow square section copper.

Single phase 18/330kV generator trans-
formers are arranged in three banks of three
with one standby unit for the station. Each
of the three banks has a capacity of 240
MVA and serves two generators which are
connected to separate 18kV windings. The
transformers are Ydd connected and have
no tappings. Voltage control is effected on

the generators and by means of on-
tap-change transformers at the receiving
stations. ¢ two low voltage generator

‘windings on each single phase transformer
unit are placed on separate limbs thus
%:lmg a high reactance (25% on 120 MVA

se) between them to limit the short circuit
duty on the generator switchgear. The
reactance between cach LV winding and
HV winding is 12.5%. Transformer protec-
tion consists of balanced earthfault equip-
ment with overcurrent relays for phase
faults. Buchholz and winding temperature
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s are also fitted. Neutral displacement
s are fitted on the 18KV busbars
ing of the transformers is by forced oil
and water/oil intercoolers, the cooling
waler being taken from the Spiral casing of
the turbines. The common 330kV winding,
which has a solidly earthed neutral, delivers

power via 330KV cables to the switching
station at the surface 600 feet above. The
square inch copper cross

e delivered 1o site in the
wging from 560 to 650
of an unusually advanced
design having an impulse level of 1,500kV
High mechanical stress is involved due to
the hydrostati u ent to about
600 feet of oil able per circuit
is provided for the vertically mounted
section of the cable run and one spare cal
for the lJlrLc circuits in the horizontal
sections. A surge diverter is connected o
each mm\[\lrmcr at the cable termination.

(i) Pow

Each rator has connected o
300k VA uml transformer which n\mn.lll)

Station Auxiliaries.

supplies ull essential auxiliaries for the set
There are also two 6,000KVA slation trans-
formers, 1811kV, which can be connected
to either one of two pairs of Lencr.\lun Imx
never m more than one pair
6, shewing the main Powe: St

tions will make this clear. These two
station transformers feed the main 11kV
Station board to which are mmmlml three
peneral service transformers, 1,000 kW\
11/380kV. The common wr‘«lu‘\
board can supply the unit auxiliaries |E
required in addilion to the main other
eral auxiliaries, station lighting, air treat-
ment plant, de-watering pumps, cic.

L5
EE

(iv) Transmission System Sibstation Plant.

Each generator transformer bank is con-
ected to the swi on bushars by
a bulk oil 330kV circuit breaker. These
breakers are rated at 7,500 MVA rupturing
capn 330KV,

Each phase is switched in & ate tank,
and there are six s per phase, each
e being shunted by a linear resis

ing its own breaking arrangements.

[

nce
The




switchgear is similar throughout the trans-
mission system except that in the case of
rs used on single circuit lines each
phase is capable of operating m&cp:ndmuy
permitting single phase auto-recl

The breakers are capable of mmrrupun
clurgm; currents of up to 300 amps an
magnetizing currents of up (o 200 amps,
without generating excessive over-voltages.
Line swilches are fitted at each end of
line except at Salisbury but on the single
circuit feeders where only two transformers
are al present installed a second circuit
breaker (bus coupler) is pmvlded to allow
maintenance on the line breaker and for

and

reasomable limits and reduces the line
reactance giving improved system stability.
The possibility of using copper conductors
was considered but Illteg cost Id have
been excessive as compared to steel-cored
alumium. The twin conductors arc fhe
apart by flexible ring type spacers. The
conductor is strung lo give a tensi nf
aboul 209% of ultimate strength at
degrees Fahrenheit and ﬂmkhrldgc nbrs-
tion Llampers are filled. Suspens \ulnlm
contain nineteen discs 5§ i ‘hes long,
iameter, having a wet with-

stand value of xq:fennmml 600k at the
mcan altitude of Ilne The impulse level
‘ension_insula-

The transformers in the substation are all
ree phase units and with the exception of
nne substation are each of 60 MVA
lty having Jow voltage windings of
V or 33kV: the one exception is Kitw
where auto-transformers are
rating of 120 MVA, 330/220kV: a
one of these transformers is shewn in Fij
7. The substation transformers have
tap-change facilities (—4.6% to -+ i76f1]
but in umclse Kitwe it was necessary to
e booster transformers ~for

weight limitation. The reactance of the
substation transformers was specified as
ng a maximum value of 11% to
improve the system stability. Al ~these
tranﬁfornms have 11kV tertiary windings
advantage is taken o comnect
IlkV shunt cnmpemm.\&mcmu to_them
at several poin tem.  These
mqn». ew:h of 20 MVA rating, & un:d
te for part of the rea

smer-led by the long transmission Iuws
which might otherwise cause rator
mmhnh!y and other difficulties. are

lled by 11kV-air-blast switchgear.

(v) Transmission Lines,

transmission voliage of 330kV was
chom after detailed technical and economic
studies of various aliernative voltages. Twin

conductor arrangement limits corona loss to

Iur strings consist M mghreen discs, 7 inches
long and of 11 inches diameter. Double
strings are used at tension poinis and a tum
buckle adjusting device is provided fo
equalise the tension in the two conductors

of the phase. Arcing horns are only fitted
1o the lwe end of each insulator string except
for the first mile from each |me rmma-
tion and at railway crossings reing
homs are fitted at each end of the ltnn; o
reduce the impulse level below that of the




substation apparatus. Double overhead
earthwires are employed of 19/.1047 gal-
vanised steel and give a shielding angle of
25 degrees at the towers and

of each line to record zero phase sequence
components enabling the location of faults
to be estimated.

more lowards mid span,

Single circuit towers are used throughout
the system, even in cases where ci
parallel for a considerable distanc
1o reduce the risk of oulages due 1o light-
ning. The towers are comstrucied of gal-
vamised steel and are of the lattice-type
waisted design (see Figure 8). was
shewn (o be more economical tha
portal type of structure, Other fundamental
data are as follows:

Overall height of inter-

mediate towers

Conductor spacing

Earthwire spacing 48 feet 2 inches

Normal span length 1,500 feet.

The strain and angle towers arc designed
to withstand the breakage of a complete
phase of line conductors and one earth con-
ductor, al maximum tension. Suspension
towers are designed for longitudinal unbal-
ance corresponding to the breakage at
normal tension of one of the pair of phase
conductors or one earth conductor, All the
main tower types were tesied o destruction
by full scale prototype tests.

Galvanised steel wire counterpoise is laid
along the line route where the tower footing
resistances exceeded ohms. and for the
last mile into each substation double coun-

ise is laid irrespective of the footing
resistances. The transmission lines are pro-
tected by three zone high speed distance
otection with earrier acceleration for
r:ulll within the second zone, Power swing
relays are provided {0 prevent operation
during times of system instabilily. An
exceplion (o this protection arrangement is
made on the Norton-Salisbury lines where
330kV breakers are only installed at the
Norton cnd,h'ﬂjﬂt limsd are protected by
s zone high speed distance protection
w?efeuniu intertripping. Back-up protec-
tion is provided by definite minimum inverse
time overcurrent and directional earth fault
relays.

A system of high-speed self-locking volt-

meters and ammeters is used at both ends

115 feet.
37 feet 6 inches

O b hs are provided at
certain of the main centres to record the

rformance of protective gear and circuit
reaker operations.

“The transmission lines are also used lo
transmit power line carrier for communica-
tion telemetering and supervisory purposes
and more detailed reference will be made to
this in the next section.

(viy Control System.

The Kariba network is controlled from a
Central Control at Sherwood, near Que
Que. A view of the Control Rodm at this
Centre is shewn in Fi 9. The control
engineers are able to speak over a private
ielephone  communication system _ (power
line carrier) to any of the interconnected
power_stations or substations to contral
switching operations and issue loading
instructions. Trunk dialling facilities are
provided to all stations.

Telephone facilities are reinforced by
teleprinters and between Sherwood Control
and the Board’s Head Office by photo-
facsimile equipment. There is a general

indication panel giving automatic indica-
tions of all important switch and isolator
sositions the system. ese include

twenty-five 330kV oil circuit breakers and
associated isolators, all the main transformer
LV switchgear and 11KV reactor switchgear.

The general indications arrangements on
the control panel are such that they imme-
diately shew up any discrepancy between
the mimic diagram and the remote switch

ition. Provision is made to enable the
control engincer 10 initiate a check on all
switch and isolator positions should he wish,
the complete check taking only a few
seconds for some 168 indications. The
general indications can be bunched into
fruu s of up to 96 on a chosen voice
requency telegraph (VFT) channel for
transmission from the remote station and
are scanned and sorted by means of uni-
selectors at the terminals. The control
engineers are immediately made aware of
any important changes in system conditions,



whether intentional or due to faults, by
visible and audible alarms,

The usual local indications of Lyslcm

system time and standard time are. meJed

and in addition the control engmm\ are
kepl informed of the load flow (MW and
MVAR) at all important points on the
system by telemetering.

Indications of busbar vnIL:ne. both 330kV
and lower voliage (88kV, 33kV, 220kV) are
also telemetered to Sherwood Control.

All these facilities are made possible by
the use of VFT and power line carrier chan-
nels which are transmitted over two phases
of each of the transmission lines. Signalling
and dialling for telephone operation is bﬁ
means of VFT lnmnnmd with th speec]
on a power line carrier channel, separation
being by means of filters, There are at
present up 10 six channels of carrier on each
transmission line (this may be extended later
to eight channels) and associated with each
channel there are one speech and six VFT

channels. Carrier frequencies used on the
system for communications and protection
range from 64 to 476 yeles and the
total number of communications and signal-
ling channels employed on the system at this
stage of the development is 71,

Telemetering employs the teleprinter code,
a particular letter being associated with each
mndmg to be conveyed from the outstation
W the She ntrol Centre.
channels are used and an electronic pulse
generating und scanning device enables six
to twelve independent rument readings

be transmitied over a single channel on

li-

seconds. The magnitude of an’indication is

governed by the rate of pulse initiated by

the measuring instruments which are of the

rotating-disc, induction pe. The higher the

voliage or the higher the load flow, the
higher the pulse rate.

The normal pulse rate for maximum meter
indication is either 66§ or 334 per minute,




depending on the type of instrument. The
identifying letter enables the signals 1o be
routed” 10 corresponding  indicating
instrument in the control room.

In view of the important services which
the power line carrier provides a number
of safeguards are buill into the system.
Standby oscillators are proy for the

wer carrier racks which switch in imm
matically in the event of failure of the
oscillator,  Auxiliary sup:lzcs are generully
provided from three possible sources includ-

€. SOME SPECIAL PROBLEMS OF
CONSTRUCTION.

g thus described the design of the
it may be interesting to review some

construct
ally solved. They

cluded the following:—

(i) Hydrology.
was necessary (o determine, as aceu-
ralLIy as possible the behaviour of the river,
as regards (I ¢ of

ing two of the main substation
via an auxiliary transformer and automatic
changeover contactor, or from a motor
generator set run off the 220V D.C. batlery
supply. This starts up immediately, should
um normal substation auxiliary wppl»@. fail,

, there is a furil line of
nz&m in the form of o diesel gcneralur set
which can be started from the control room.

While the equipment provided for com
munications and the supervision of the nel
work is of a high standard, and reliable
operation is to be expected, Post Office
telephones are al mlnlled at all centres,
and, as a further radios are

for wmm\mlc:lllun between the
Control Centre and other important operat-
ing points uu the system. same radio
to mainiain contact with
transmi yslem ‘mainienance organi-
sation whose bnsc depots and line mainten-
ance vehicles are similarly equipped with HF
radios.

Al this complex electronic and other light
electrical equipment requires careful main-
tenance o ensure ﬂmr performance and
when it is realised that there are included in
this some 6,000 relays and 9,000 radio valves
the need for a skilled team of specialists to
cover routine maintenance and repair of
faults is apparent. With the widespread
transmission system extending from Kitwe
in the North to Bulawayo in the South —
a distance of some 800 miles by road—there
are considerable problems in rapid move-
ment of these specialists from one centre to
anothes it is obviously mot possible to
have an individual with the required skill at
each centre.

fl s and time of arrival at

Hydrological records, on the whole,
good Records of water levels at
Livingstone had been kept since 1905 and
the daily discharges were know, accurately,
from 1924 onwards. Water levels had also
been taken in the upper level and gauging
stations were established at Chirundu down-
stream of Kariba, at Kariba itself, and on
some of the major tributaries.

The wvast catchment area covers 256,000
square miles, of which 196,000 square miles
lies upstream of Livingstone (see Figure [0),
Most of this area is undeveloped and
sparsely populated, so that basic meteoro-
logical information was scanty and difficull
1o obtain.

Tbc pﬂrll\.uldr pmhlnm of the effect of
floods on the construction work coukl nul
bc enlm,-ly wlv:d Sl greatly eas

reasonable allowance ‘in \h:
dzsugn o[ the river diversion structures and
by establishing a flood warming system
which successfully predicted the times of
arrival of flood peaks at Kariba,

(i) River Diversion.
programme and method of diverting
the river 1o allow the construction of the
dam foundations in the dccg channel posed
a specially important problem, since the
necessary. construction work could only be
carrled out during the dry sea
flow in the river falls to bc«ween 8,000 and
12,000 cusecs,

By the rapid action of awarding a pre-
liminary contract in mid-1955. it was gm-h]hlc
1o save a n this work,
reflected in the construction m’ugramme for
the whole scheme.
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The method of diverting the river was
also solved by designing and providing an
sngenmus system of coffer-dams, including
reular concrete cofler-dam of 300
h;rl radius on the North bank: a circular
conerete coffer-dam of 370 feet diameter in
Iheﬂdﬂtp channel of the river: and a rock(lll
coffes

ing other workers and dependants, was
about 2,000 Europeans and 10,000 Africans.

Most of the Lumpcam were recruited

site. Many of the operations mm]w:d Ilad
never previously been carried out on a com-
parable scale anywhere in the World,

(iii) Aceesy.

The problem of access 10 and about the
site, in the time available, appeared at first
1o be almost insuperable. Nevertheless. it
resolved itself mainly into one of economics
and hard work.

At first. only & rough track existed from
the main Salisbury-Chirundu road to the
South Bank at Kariba and, 1955,
nceess 1o the North Bank was achieved by
a floating pontoon bridge across the river
which was quickly supplemented by another
rough track from the Chirundu-Lusaka road

The main gravel-surfaced South Access
road, 48 miles long, was cnmpmui by
March, 1957. This North Access road was
intended, primarily, '00' the transport of
cement from the main source of supply —
the Chilanga Cemeni Works, near Lusaka
in Northern Rhodesia.

A suspension footbridge of 690 feet clear
span across ihe Zambesi at the dam site was
completed in May, 1956, and a road bridge,
suitable for heavy traflic, was in ‘operation
by September, 1956,

The construction of all the main internal
access roads at Kariba was well advanced
by mid-1956,

‘The first airstrip was in operation in
November, 1955, and it was extended and
:mpmved dunng the ensuing six months.
This airstrip was ultimately inundated
the rising water the lake and a new
aerodrome was constructed and brought into
operation in November, 1958,

(iv) Labour.

The peak labour lmm employed at Kariba
nmmmmd to about 1,500 Europeans and
7,000 Africans, The peak population, includ-

outside the Fed n and the largest
number came lmm urope.

AL the sart, some difficulty was

i in_ recruiti rican labour in

competition with the farge mining concerns.

A similar system of contract labour to that
used by the mines was therefore adopt
and valuable assistance in recruitment was
obtained from the Rhodesia Native Labour
Supply Coillmmmn Good welfare services
and amenit re also provided in the
Arican Toumshin 'A% s arangements
me known, volunteer labour presented
itself in large numbers and even to-day, when
construction is virtually completed, numbers
Africans travel long distances to Kariba
seeking work.

It is of interest that, even when there was
unrest in other parts of the Federation, no
trouble arose at Kariba. Throughout the
five years of construction there was only one
sirike which arose from a straightforward
industrial dlspul: and was settled quickly
and amicab!

) Hrm.wng.

The provision of construction townships
for s Webour fooeo prome 1 o 8 salke
problem to that of access, and was resolved
m a milur manner. The construction of
town: St in February, 1955, and was
mb:lanlmlly complete in eighteen months,
some six months’ ahead of schedule. A truly
remarkable achievement.

After several experiments, concrete block
construction was used throughout with
ashestos cement roofing, giving virtually
permanent buildings.

Noi only the necessary hnusm!. hul also
offices, shops, schools, churches, pos
banks, moe:mg halls, beer halls. «lmﬁ
teens, clinics, pital and a swimming

pool were hul!l

The tawnships were sited on a series of
hills and ridges at the south sides of the
gorge, the highest Dar\ bellng?ﬂ(!lcelnhcvc
:ca I|m=l. or 1,450 feet above average river
evel




Water was pumped from the river to a
modern purification plant and then dis-
tributed to the residential and works areas,
partly by gravity but mainly by further
pumping. The rated capacity of this plant
was about 600,000 gallons per day of potable
water, plus about 400,444 gallons per day
of untreated water.

Electricity was provided by a temporary
diesel generation station which, in the end,
had an installed capacity of about 8} MW.
The output was mainly used for construction
work, but it also served the townships. Dis-
tribution throughout the area was at 11kV.

Sewerage disposal was by septic tanks
serving groups of buildings, the effluent from
which was piped to soakaways.

(i) Transport (See Figure 1).

The magnitude of the problem of trans-
porting the vast quantities of phnl. mzémpr
ment, materials and supplies
Kariba was realised at the nul.seL. and the
whole operation was meticulously planned.
Sand and stone were obtained locally, but
the 400,000 tons of cement required had to
be brought by road 110 miles from the
cement works at Chilanga. By far the largest
ﬁ:rlmn of the plant and equipment required

d 1o be brought from the faa:wrm in

and involved transport by road or
rml to the docks. by ship (o African ports,
and by rail and/or road in Africa, Some
items urgently required were transported by
air. For normal items, a fairly loose degree
of co-ordination was maintained between
mnnululumx. shipping agents, and the
nd their consulting engincers’ trans-
port ns-gnnuauau but the transport of urgent
items and abnormally heavy or bulky items
was very carefully co-ordinated indeed.
lewly sidings to serve Kariba were buill

{ Lion’s Den in Southern Rhodesia and ai
i(nlun in Northern Rhodesia, some 140 and
90 miles respectively, by road from Kariba,

The siding al Lion’s Den was equij
with a 100-ton Goliath travelling crane, and
the Board also purchased two special trans-
former well wagons of 110 tons capacity
which were operaied by Rhodesia Railways.

Two road transpori contracls
awarded —one for transporting cement from
the factory at Chilanga in Northern

Rhodesia together with all other items under
12 tons from the railway sidings at Lion's
Den and Kafue to Kariba; and the other for
transporting all items over 12 tons to Kariba
and to the substations. The contractor who
was awarded the latter contract purchased a
special 32-wheel road trailer, with a capacity
of 125 tons, and had a similar trailer avail-
able in the Union of South Africa, in case of
damage fo the first,

The abnormally heavy items included
twenty-six transformers, weighing between
88 and 109 long tons. Due to restriction on
road loadings, the transformers normally had
to be delivered during the dry seasons. The
basic principles adopted were as follows:—

(a) That, as far as possible, at least two
alternative methods should be avail-
able for transporting all items. This
was achieved, except for turbine rum
ners and certain heavy cables, which
}‘l;:i_’ to be transported by road from

ira,

That the organisation should be
sufficiently flexible to allow for the
arrival of difficult items out of turn,
due to causes such as delays or
acceleration in manufacture, strikes,
bad weather, etc, Among other
things, this necessitated -mngm for
special  hokding areas  throughout
5.Immm Atr{ h[ nydm‘lﬂnf o
plicated juggling of time tables, ey
Were neer pecdod:
That shipment of items from overseas
should never be held up because of
doubt as to the ity of trans-
rting them in Africa, except as a
st rcs.on ‘This. became a matter of
nd no items were ever refused,
mnom this incurred many risks,
since port authorities would not allow
heavy items to be unloaded unless &
ailvay wagon was ready to receive
them.

The railway nul]\adlis in South Africa,
ted

(O]

locambique ca-operat
magnificently nnd llluwed pnorliy 10 be
ven 10 ially ury
Without this co-operation, it
ﬁ;“lnhic that the whole scheme would
delayed.



Aliogether, over 600,000 tons of goods
were transported 10 Kariba, of which about
400,000 tons were cement. The whole trans-
pori operation worked smoothly and no
delays occurred, Only one important item
was damaged and it was, fortunately,
relatively easily re-placed.

(vii) Health.

The health of the construction force posed
another problem, due to the hot climate and
the remoteness of Kariba. The nearest
doctor was 100 miles away and the nearest
hospitals, at Lusaka and Sinoia, were
respectively 130 and 150 miles away.

A medical organisation was, therefore,
established by the Board, which started in
mid-1955, with a smali clinic and one

medical officer, and was extended until in
May, 1957, a modern ninety bedded hospital
was opened, complete with surgical and
X-ray uniis and laboratory facilities, The
staff consisted of a chiel medical officer,
surgeon, a medical officer, a matron, and
cight nurses, together with the necessary
supporting personnel. A denial service was
also pmndly.! by & visiting dentist.

e effect of the tropical conditions on
mc Inbﬂur force, although appreciable, was
much less than had been thought likely, and
the general level of health was good. As was
inevitable, due to the nature of the con-
struction work, and despile every precaution,
accidents occurred and deaths were caused.

ial precautions_were laken against

ria and Sleeping Sickness. For Malaria
the laking of pmphyllr.lu. drugs  was
enforced as far as possible; houses and
buildings were sprayed i l=m.l|y with
residual insecticides; and larvicidal sprays
were used on any Is of water in
vicinity of the lownships and working sites.
Due to these measures, the incidence of (he
disease was remarkably low and the few
cases encountered had invariably neglected
to take the proper prophylactic precaution.

‘dp rogramme of aerial spraying was
urn out_in 1956 (o eradicate tseise fly
from breeding places near Kariba, and ihe
fly was later controlled by the provision of
sheds and barriers on all access roads
entering the area.

No cases of sleeping sickness oceurred al
Kariba itself, and the few cases brought to
the hospital all came from some distance
away.

(viil) Design Modifications.

In addition 10 the above special problems,
there were of course the usual problems of
design nmdlrulmm—uvll mechanical and
electrical — became necessary as the
work pmcceded nlul which had (o be accom-
modated into the smooth flow of construc-
tion and installation. Some of these caused
difficulties requiring urgent action at the
time, but all were successfully overcome.

D. CARRYING OUT THE
CONSTRUCTION ‘PROGRAMME.
(i) Civil Engineering Works at Kariba.

The early period of civil engineering con-
struction was spent in pmpsmmry work;

local access, and diverting me rwer The all-
out effori commenced on the underground
works proper early in 1957, and on the dam
in the second half of 1957. Most of the 1}
million cubic yards of concrete in the dam
were placed between September, 1957, and
June, 1959 — a period of only twenty-one

months. Figure 11 shews the dam under
construction with the central coffer-dam and
the river flowing through the diversion
openings.

The construction of the dam, however,
was relatively simple compared with the
underground works which were extremely
complicated, and involved excavating and
concreting # maze of halls, tunnels and
shafts. The two main halls were the machine
hall, 468 feet long by 75 feet wide by 132
feet high, and the Gnmsfnrmer hnll 537 feet
long by 55 feet wide by 60 feet high. The
mulo&u.muly of rock cmmmd was nearly

cubic yards, and 184,000 cubic yards
of concrete were placed. The six steel pen-
stocks, 18 feet 6 inches in diameter, which
lead the water to the turbines, were rolled
and welded on site out of 1,125 inches thick
steel plate.

 The whole construction programme went
well and all the target dates were achieved,
and in many cases betiered. As could be



expected, several minor setbacks occurred,
but there was only one major sethack —
caused by the river itself

The vagaries of the river during the con-
struction  period have become  almost
legendary. In 1956, when it seemed that the
flood sedson had passed, a cyclone occurred
and the accompanying heavy rainfall caused
an abnormally laie rise in the river, with
consequent reduction in the dry season
working time.

In 1957, the main flood peak rose (o
290,000 cusecs, which was higher than had
been known before and equalled the highest
flash flood previously recorded. This inun-
dated the North Bank coffer-dam and caused
some delay although, fortunately, the
damage was insignificant.

In 1958, freak weather conditions gave rise
0 & flood of almost_catastraphic propor-
tions, with a peak of 570,000 cusecs—almost
double that of the 1957 flood. This caused
delay and damage. The central coffer-dam,
within which a start had been made on the

main dam foundations, was overtopped and,
. a hole developed in the rock
lations beneath the upstream wall of
the coffer-dam

The road bridge and the
foot bridge severely damaged s roads,
offices and stores on both banks of the river
were swepl from the sides of the gorge. For
# period of ten days the underground works
had 10 be sealed off 1o prevent then from
being flooded, During this time, all work
at the site was almost totally disrupted.

The peak of the flood occurred on 4th
March, 1958, and as soon as it staried o
recede, restoration of the damage com-
menced. The roads were repaired within a
few days and the suspension foot bridge was
re-opened on 10th April, 1958, Repairs to
the coffer-dam were not completed until
June of that year, and it was September
before the new road bridge was in operation.

The falling flood revealed further
problems. The main river diversion struc-
tures had been damaged, requiring the




adoption of a different and more expensive
method of sealingoff the dam, and enormous
quantities of debris had been deposited in
the river channel immediately downstream
of the dam site. This debris had the effect
of raising the tailwater level and, if it had
cen left, would have bros about a
marked reduction in the efficiency of the
scheme. A channel, therefore, had to be
excavated through the debris to restore the
original conditions.

The whole of the construction programme
for the dam had to be reviewed, both from
the point of view of the delay which had
oceurred, and of the possibility of a similar
flood occurring in 1959. A highly aceelerated
programme was, therefore evolved which, in
the end, led to completion of the dam almost
a year ahead of the original schedule. It was
also thought prudent 1o increase the spillway
capacity, and the number of sluice gates in
the dam was increased fom four 1 six,
giving a maximum discharge capacity of
336,000 cusecs — which, supported by the

flood storage in the lake, could accommo-
date a very much greater flood than had
oceurred i

After the revisions had been made, the
construction work continued smoothly and
impounding of water in the lake commenced
in December, 1058, as planned.

In spite, therefore, of the major disruption
which was unprecedented in a scheme of this
magnitude, all targets were achicved, with a

ubstantial margin in the case of the dam.

Figure 12, shows a view of the completed

dam with water passing through three of the

six spillway gates.

(ii) Electrical and Mechanical Engineering
Work.

‘The electrical and mechanical engineering
work covered the provision of the power
station and substantion plant at Kariba, the

iles 330kV line
required, the plant at the receiving sub-
and the protection, metering, com-
munications and indication plant. Here, the




work was of @ more normal nature but  of cach section by the required date, Once
required detailed and careful execution 1o again, all targets were achieved and the
ensure co-ordination of manufacture, trans- first three turhine-generators at Kariba,
port and installation of the very large quan-  together with the associated sections of the

ics of plant and to achieve ionis A ission system, were issi on




the programmed dates. Figure 13, shews a
general view of the machine hall with the
first three sets under construction.

(iii) Construction Costs.

The work \\1 construction is not yet
finished and i le that unfore-
seen t.un(mgencw\ may arse. With this
pwvm\. the present estimates of the cost of

Project are substantially below the
mnl estimates as will be seen from the
rui owing figures: -

Original

Latem nerease ()
Eumuie Esnsie 00

Deorease (1

TR 1)
Milloos Millions  Millons
Enﬂmrrm; Works.
(including engincering
fees, expenses. and
contingencies) 392 406 +14
Eieetrical and Mechanical Works.
(including engineering
fees, expenses an
confingencies) . ns U9 —s6
Other Lrpendlmrt
et Ml
N e, adminis-
l'n.‘.u.."” 43 s o1
v-zlnphm:, ete)
Finance Charges.
(interest and other
charges on loans) 85 1 —11
TOTAL: 791 14«1 —45

In comparing these estimates it should be
remembered that in addition to covering all
that was provided for in the ori 1
estimates the latest estimate also cover:

(a) Dam 20 feet higher.

(b) Substation to give supply to Lusaka.

(c) An nddllimal 100 MW turbine-

generato:

Despite the m..fused provision of plani
and despite the phenomenal fioods and mhur
difficulties during constructeion the present
estimate of cost is well below the original
estimate,
E. THE KARIBA PROJECT IN
OPERATION

@ The },;‘e:lerul Power Board's Bulk Supply

m: Federal Power Board supply onl 1||
bulk and have but first consumers — thre

cipalities, an_Electricity aupply Com-
ion_and a private power supply com-
Considerable thought was b"’°" 10 the
establishment of the initial was
obviously desirable that these Imllul tariffs
should not require early aheration. On the
other hand, they must be in a form providing
from the start the maximum incentive 10
development of load so that the heavy
capital investment at Kariba might soon be
brought into beneficial use. Furthermore,
account had o be taken of the fact that Ihc
public naturally expected to

immediate benefit from the hrlr\gms mm
operation of the Kariba Project in the
l.mglhlr_ form of reduced costs for clectricity
supply.

Although the Kariba Project is inherently
a very low cost power scheme, it was never-
theless not easy to satisfy these requirements,
for three reasons: —

L. During the first two or three yea
while the Kariba Project was under
construction and plant being brought
progressively into o mlmn the output
from Kariba would necessarily
relatively limited and hence the cost
per unit’supplier relatively high.

In accordance with the terms of the
Loan Agreement with the World Bank,
The Federal Power Board is bound to
pravide for hall the capital cost of
Stage 11 of the Project out of revenue
from Stage I. The sum involved is
very considerable and may be about
£23 million

3. The Board is bound (0 re-pay the

loans raised for Stage 1 wuiun lhE
periods of these loans, which a
general shorter than the economic ciite
of the plant to which they relate.

All these factors tend 10 make the initial
cost of power from Kariba much higher than
the ultimate cost will be, It was therefore
decided 0 frame a tariff on the following
principles:

(2) All Undeﬂ.nkmgs should pay for the
supplies they now consume at their
present production cost.

. (b) All Undertakings should be able to
purchase additional supplies at a uni-
form price fixed at a level equal to

»
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lile more than half the present

average price.
The effect of this tariff was to secure 1o
the Board the revenue necessary to meet the
present production costs while at the same
time making available to all Undertakings
immediately the benefits of additional Kariba
power al very much lower cost. actual
furm of the increment tariff finally chosen
the normal two-part type with a
relalwciy high fixed component (£7 per kW
annual maximum since aver
90/ of the Board's costs of production is in
the fixed component, and u very low running
component (0.1d. per kWh).

(if) The Operation of the Project o Date.

Kariba dam was finally closed in
December, 1958. By the middle of 1959, at
the end of the 1958/39 flood season, some
27 million acre feet of water had been stored
in the lake. and the water level had reached
1475 feet a.sl) when it was brought into
service at the end of December, 1959, It will
be seen from Figure 14, that the lake level
the tal slightly until December, 1959, when
the run-off from the following season’s rains
began (o be felt. The fall in lake level was,
of course, due to evaporation during the di
season, and to the compensation water whicl
was allowed 10 pass through the dam to
maintain & minimum flow of 10000 cusecs
duwus\mm, his was in accordance with

t with the Portuguese Author-
Mocambique. During 1959-60 rains
rther 24 million acre feet of water was
m!p‘_:undud making a total of about 51
million acre feet. The total capacity of the
reservoir is 130 million acre feet at the
normal storage level of 1590 feet asl. so it
may be expected that the the lake
will take another two or three years. How-
ever, al the present level (December, 1960)
of 1513 feet asl. it is possible to operate
the number 3 and 4 turbines from the
permanent intakes lmvcﬂ level 1,460 feet
l.a.l.) and 1o obtain about %0 MW from each
100 MW generator.

mh n

After No. 4 generator is m service, Nos. |
and 2 will be transferred to permanent
high level intakes, prnv»ded the rise in the

level has ient (o permi ir
satisfactory operation.
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It will be seen, therefore, that at the
present lake level water for the operation of
the first four generators on restricted output
is already assured. No. 3 generator was
brought into service at the beginning of
November generator No. 4 |« lanned
for commi y that
time, the maximum capacity uf !he Kariba
tation will be about 350 MW, It is probable
that when the station is operating at ils
designed head of about 310 feet, the
generators will be capable of a continuous
output of about 112 MW each, though their
cleslg.mnl rating is only 100 MW.

t may be of interesi to give some details
of the result of the operation of Kariba since
it started fcneraux\g at the beginning of
1960. The Table 1 summarises the
resalls for tho irst year of operation: —

TABLE 1.
Summary of Operation Results for the Year
Ended 315t December, 1960,

W,
1. Muimum generation capcit
riba Bower i 270,000
Maximum_gencration sent_out
from Kariba Power Stafion 237,000
TWh.
3. Units generated at  Kariba
Power Station 1,047,506,000
4. Unit purchused from intercon-
Power Stations:
Salisbury . 405,190,000
Unmiati S 397,323,000
ka g 46,785,000
5. Tol Units genoraied “and
purch e 1,896,804,000
6. Units wld
761,992,000
7. Total Units sold _ o
8 Losses and works pawer (5-7)

4T673,000 (2.5%)

The energy sent out by the Kariba Pawer
Station during the year has resulted in a
saving of coal consumption of about 630.000
tons: this represents about one-third of the
tatal coal burnt in power stations in
the Federation. Bearing in_mind that the
cost of operating the Kariba Power Sta
almost ind lent of output, it is obviously




in the interests of the electricity supply
industry as a whole to operate the plant at
the highest possible load factor. For the first
twelve months of operation the Kariba
generating plant load factor was 787.. When
the Kariba plant is fully installed the station
load factor may be of the order of 70%,.
(iti) System Commissioning Tests.

Owing 10 the necessity for commencing
xupph« o the Copperbell area at the earliest

service when only one generator was avail-
able at the Kariba Power

Kitwe, exceeds the generator rating. Th
not serious from the viewpoint of the
generator current loading but_ the possible

ects. self excitation of the gene-
rator has to be borne in mind. Figure
15 shews the leading curreni excitation

characteristic of generator No. 1 at Kariba.
It will be seen that at a leading current load-
ing of 160 MVA the machine is approaching
the condition of self-excitation which could
lead to excessive vollages im the generator
and substation equipment. 1t can be shewn
that the limit of voltage s(mmy in the
absence of a high-speed automatic voltage
regulator occurs when the machine excitation
is 7ero at normal generator voliage. With a
high-speed voltage regulator system capable
of providing ncgznm: excitation, however,
the limit is exf To ensure that in fact
dangerous mudnmm were not likely to arise,
n ien f tests were carried out during the
ioning period. The results of these
lc“‘ indicated that zero excitation conditions
might be approached during line charging
operation, and that afier some adjustment
the generator voltage regulators were capable
of preventing excitation instability even
nder these adverse conditions.
Tests were also carried out to confirm the
performance of the 330kV switchgear and

180
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1o calibrate the fault locating equipment.
These tests involved faul-throwing on the
V lines, The opportunity was é\lu) take
hy the Federal Post Office and the Rhods

conditions. The results of lhcbl.' tests have
not yet been fully analysed.
E. THE FUTURE.
From what has been said above, it is clear
that the Kariba Project is off 10 a good start
and that the objective of providing the
Federation with an abundant supply of
power at a rensonable cost is well on the
way 1o be:n%‘em.hlnved To conclude this
paper it may be of inierest to attempt to look
into the future — althou
rather hazardous undertaking!
After the completion of Stage 1 at Kariba
— the installation of the first six machines
in the South Bank Power Station — it is
obvious that the next major provision of
generating plant will be the second stage of
Kariba. As at present planned, this provides

i always @

for a North Bank Power Station with u
probable capacity of about
the |Iam is already built and the reservoir
will serve both power stations, the cost of
the second stage ai the Project be much
less per kW than the cost of the first stage:
the refative figures being about £125 per KW
for the first stage And mxml £55 per kW
for the second stage. It is for this reason
1h1| |l|e Board has h:cn able u\nndemly Iu
te a low incremental tariff in the
|0dg¢ that the Federation can look klrward
m a long period of progressively falling bulk
upply costs. With the second stage there
wll of course come re- |nfumemcnh of the
transmission system and planned that
the single circuit lines to Bulnwayo and to
the Copperbelt should be duplicated, thus
greatly increasing security of supply. Figure
16 shews the (ransmission sysiem as pro-
vided for Stage 1 of the Project and for
comparison the transmission system which
it is planned (0 provide when Stage 11 is
fully developed.

: Kariba Stagel Project
Kibe 1961

Salisbury

Sherwood

Biiwayo

Kariba Stage 2 Project
Kitwe 1972

Broken Hill

Lusaka

Kariba

Sinoia
Salisbury

MNerton

Bulawayo

Fig. 16,



A word should be said here about the role
of the coal-fired generating stations inter-
connected with Kariba and now operated as
an integral part of the system. If it i
remembered that the object of Kariba is
primarily to provide additional capacity 1o
meet normal growth of load rather than 1o
displace the thermal stations, then it will be
realised that these siations will have o life
very similar (o that which they might have
expected under any other system of develop-
ment of the power system. They are, in fact,
likely to continue io be kept in service until
the end of their normal economic life, bu
like most stations the amount of use which
will be made of them will tend to be reduced
over the years as they are displaced by more
modemn plant and relegated first 1o peak
load and ultimately 1o standby operation.
There are, however, two important factors
which will especially effect the operation of
the thermal stations connected 1o the Kariba
grid. Firstly, there will be a period after the
rapid installation of six machines at K.
when a considerable surplus of generatis
capacity will exist in the Federation. This
condition may persist for several years and,
while it does, more restricted operation of
the thermal stations is likely than would
normally be the case. However, at the
of the period the thermal stations will again
start to pick up load and take their normal
place in the structure of the clectricity supply
industry. The second factor is that con-
siderations of local security of supply may
require more running of the thermal plant
than would be necessary for the needs of the
system as a whole. This will particularly be
the case where supplies initially will be given
over only a single circuit,

The 900 MW of additional plant which
the second stage of Kariba can provide
should meet the growth of electricity require-
ments in the Federation for many years to
come. When additional power resources
need (o be developed then the Kafue Project
may well be undertaken. Present indications
are that this Project could be developed to
a capacity of perhaps 1000 MW at high
load factor or to & larger capacity at lower
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load factor, and that the cost per kW would
be comparable with the Kariba Proj
transmission costs would of course be less,
since the Kariba-Kitwe lines have been
rauted so that they pass close to the probable
site of the main Kafue power station,

Leaking still further ahead, the time will
come when the loans raised 1o finance the
Kariba Project are fully re-paid. The plant
which they 7 provided will, however, still
have many years of useful life and the cost
of clectricity production will then fall still
further. If the other side benefits which the
Project has created are also taken into con-

ideration, the Kariba Lake with its potential
for (ourism, transport and commercial fish-
ing. the provision of nearly 100 miles of
additional public roads, the regulation of the
River Zambezi with the resultant implica.
tions for river transport and riverine agri
ture, the creation of Kariba township with its
hospital, airfield. schools and other amenities
~—the Federation may well feel satisfied with
the bold aeci.nhimln taken five years ago to
roceed with the largest water power project
I Africn and one of e et n- ke
Waorld.

In conclusion, it must be emphasised that
the design and construction of the Kariba
Project is a fine example of the. co-operation
of people from many countries, Much of
the finance was derived from Federal
resources but much too came from the Inter-
national Bank, from the United Kingdom
and from other sources. The design was the
work of French as well as British engineers.
Most of the plant was made in England but
some came from other countries in Europe.
The skilled consiruction staff were drawn
from ltaly, Britain and other European
countries iind from Southern Africa and the
unskilled and semi-skilled labour was drawn

Kariba, in fact, was nol the work of any
one man but the result of the combined
efforts of a great many people from many
lands under the able leadership of Sir
Duncan Anderson, Chairman of the Federal
Power Board.



Supervisory Remote Control of a

Distribution System

By

E. BROD, Dipl. Ing.. AM.LEE.

Summary.

This paper describes equipment which has
been installed in Salisbury for the effective
control of the Distribution System from a
Central Control Room. Twe different control
systems are described. One system, usually
called the Direct Wire System, requires one
or more pilol wires between the control point
and each controlled substation for each
function: whilst the other sysiem requires
only a very limited number of pilot wires in
order to carry out a large variety of different
functions. For this system the term Super-

i usually applied. In
this paper, a system used for indicating and
alarm functions is called a Supervisory
System, while a system used for switching
and telemetering fanctions i¢ termed a Con-
trol System. A system combining all these
functions is then denoted by the usual term,
Supervisory Control System.
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INTRODUCTION.
L1 Reasons for Installation.
For many years the Salisbury Municipal
Flectricity Ekpnrilnem has maintained a 24
hour service for attending to consumers®
fault calls, and for dealing with distribution

outages. This service operated efficiently and
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was appreciated by the gencral public, But
it had one drawback and this was, that the
faults service had to rely entirely on reports
from consumers whose supply had failed e
information about outages on the distribu-
tion sysem. This drawback could be
tolerated as long as the number of consumers
was comparatively small and the distribution
system sim

As the Undertaking grew larger, it became
apparent that some betier system of notifica-
tion of faults was required. In addition,
some major substations were now on a
closed ring system, such that feeders could
be lost through faults without causing an
interruption af supply to any consumer.

It was therefore decided 1o convert the
faults service into a fully fledged system
operation control and (o install automatic

rvisory equipment. Initial y(mly remote

indication” and _alarm  equip
installed, but lately telemetering e
control facilities have been added.

12 The Salisbury Systen.

In order 1o understand the reasons for the
choice of the type of supervisory system
mmlled it may be heiplu] if a short descrip=
tion of the transmis: and distribution
sysiems were given. A dua:led description
wais given hy Mr. Lynch in the paper pre-
sented 1o ious convention, There is
only one poml of supply: the Salisbury
Power Station. This slation consists of
c.serumi%xwu parts: Power Stations Nos.

¢ supply from Kariba is fed into
the bushars of Power Station No. 3. and
therefore does not constitule a separate
supply point with regard to the transmission
Aym
e generators at Power Station No. 2
E:.ed into 11kV busbars, which are section-
alised through a busbar reactor. The feeders
emanating ese bushars are therefore
grouped in two halves, which must not be
miterconnected.

The generators at Power Station No. 3 and
the transmission lines from Kariba feed into
33kV bushars which are interconnected with
the 11kV busbars at Power Station No. 2.
Figure 1 shows a single line diagram of the
Power Station connections.

The transmission system shown in Figure
2 consists of a 33 ring around the
periphery of Salisbury which is fed i several
places from the 33kV busbars at Power
Station No. 3. 33KV lines also go out beyond
the ring towards the boundaries of the arca
of supply and some of these are intercon-

nected 10 form ring feeds. There are sub-
\utumx on 33KV ring which step the

supply down to 11KV. From these sul
station 11kV feeders go both outwards and
inwards towards the centre of the town where
they are interconnected with the 11kV feeds
emanating from Power Station No. 2.

Wherever main feeders are interconnected
a Control Substation has been erected. There
are at present 17 substations controlling both
33kV and LKV feeders and 17 substations
controlling 11kV feeders only.

From all these Control Substations local
11kV networks are fed, mostly on the ring
system with normally open points on the far
ends of the rings. The local step-down sub-
stations, approximately 1,200 in number are
equipped either with ring main switchgear or
are solid tee-offs with fused transformers.

L3 Pilot Cables.

All feeders mnmclmg the Control Sub-
stations (o the Power Station as well as all
interconnecting ties between Control Sub-
stations are equipped with balanced protec-
tion using pilot wires. Pilot cables therefore
had to be installed with all main cables since
the inception of the system layout described
in the previous section, over (wenty years
ago

Thanks to the foresight of the engineers
who designed the original s{:m layout so
many years Mgn all pilot cables have at least

one conductors incor-
n 1o the pilot cores.
2. CHOICE OF SYSTEM

2.1 General.

There are generally five functions which
are required for the effective control of a
distribution system. They are:

(a) Indication

.(b) Operation

(c) Telemetering

(d) Alarms
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Fig. 2.
(e) Telephones. very small conductor sizes can therefore be
Each of these functions can be carried ot~ satisfactorily employed over considerable

by various kinds nl control systems, auch as

Salisbury. Both systems are
and the choice of system and

lmm.mmilnu
medium for any particular function depends
entircly on questions of economy and feas-
ibility related to local conditions. Some of
the factors which have to be taken into
account are dlmmetl in the articles listed
at the end of this paper.

The choice of syslﬂmx mi.de in Salisbury
need not therefore be lly applicable,
and local conditions may mqum a different
approach in each case.

Both systems use telephone-type
in conjunction with interposing yl
instrument transformers, Pilot cables mlh

mlus

distances. The conductor chosen was 1/.040
copper conductor, paper or P.V.C. insulated
and laid up in_pairs, except for distances
excess of lS ‘miles, where 1/.064 copper cot
ductors are used.

22 The Direct Wire Sysiem.
This system is used for three functions
only:
(a) Gas Alarms
(b) Indication of Ripple Control
(¢) Indication of Sensitive Earth Fault
Relays.

Th= reasons for uhmmg the Direct Wire
ystems were: firs it these

wuld not ea!lly be m;ﬁmnmdnlaé wm:ln;‘l?e

Supervisory Sysiem chosen: and, secor

the nvauhhumy of a sufficient number of



spare cores in the pilot cabigs. It may be
mentioned here that the number of cores in
some pilot cables laid during the last few
years has increased from the original two
Pairs 10 as many as 30 pairs.

23 The Supervisory Control System.

For all requirements other than those men-
tioned in the previous paragraph a Super-
visory Control System was chosen,

The method adopted for this System is
the display of a substation on a common
diagram and its operation by means of keys
and push buttons, All functions are carried
out with a coded signalling system in which
a train of pulses performs the selection and
operation of all devices.

Equipment for indications and alarms was
installed first and was later extended to cater
for remote switching and mkmc(cnng
facilitics. One pair of pilot wires is required
for indication and alarms, and a second pair
for remote operation and telemetering.

3. APPLICATION OF THE DIRECT
WIRE SYSTEM.

A free standing panel in the Control Room
contains rows of indicating lamps, one for
each alarm or indication enumerated below.

3.1 Gas Alarms.

All Gas Pressure Cables are equipped with
devices which indicate the presence of gas
leaks. The operation of such a device causes
an alarm and the lighting up of the appro-
priate indicating lamp.

32 Ripple Conirol.

At present, three channels of the Ripple
System are used for the swnchmg of water
heaters which are divided into 3 groups.

urther 2 Iw\ntls nre used for street I\ghung

which i o 2 groups: lights that
I\um all mghl nnd lha:n which are wllmed
off at 1 am. Indicating lamps show whicl
of these 5 channels are in the “on™
position..

33 Enrﬂa Fmdl ReJEyL

A novel ty] ‘ﬂf
relay was rewm]y dwc oped by lh: Sallsbury
Elac ‘iricity Depu addition 1o iis

as an aulh fault n:hy. it
alw gives wammg of small leakages to earth

such as those caused by faulty insulators or
tree branches in close proximity to conduc-
tors which may eventually develop into
carth faults. These relays are installed on
circuit breakers mmmll:ng 11kV overhead
llnes Message registers, counting the number
arning operations of these relays are
lmlnilad the Control Room, one counter
for cach relay. If sufficient pilot cores are
not available, only ane counter for each sub-
station is installed. On the cccurrence of
repeated warnings, the overhead lines in
question are patrolled and the faults rectified
hefore they cause an outage. It is hoped that
+ describing the design and operation
nf tlm relay may be presented to this Asso-
ciation at some future Convention.

4. APPLICATION OF THE
SUPERVISORY CONTROL SYSTEM.
4.1. General.

The method of display and operation of
the supervisory system is -umllar 10 several
widely used ‘standard sysiems, and was
designed departmentally in c«mmhamm with
the suppliers of the equipment. It was
adopted because it appeared to be Ille one
best suited to local conditions. The
used was designed by the sllppllen s
various modifications and rel
cal out by the Department after installa-
tion. The system is comprehensive, flexible
and very simple to operate. In view of the
large size of the system diagram, containing
over 1200 substations and numerous isolat-
ing points on overhead lines, which m—.cnpm
a complete wall in the Control Room, it was
deckid to keep this diggrsm hand-dresed.
A common diagram in the centre of the con-
trol desk du‘f)ayx all conditions_prevailing
in a Control Substation and illuminated
windows on the wings of the desk indicate
which substation is presently displayed.
;ugum 3 shows a photograph of the Control

oo

As all substations controlling the l]kV
transmission network are interconect
spective of their source of supply, ie m
11KV busbars of the Power Station or a
step-down point from the 33KV system, it
was decided (o separate the Supervisory
System controlling the 11KV substations from
that controlling the 33kV substations. Two




entirely independent systems each with a
separate common diagmm and separate
aperation keys were therefore installed, a
each step-down substation was split into
parts, 3 33kV and an 11kV substation

A total of 20 dm:ms]\ .m. available for
cach substation allowi r the indication
of a maximum number v( ZEJ facilities and
for the control of a maximum of 18 Llul\ S,

The wh.,u installation caters for 20 —
jons and 40 — 11kV sub-
-apable of being extended
ng facilities are available for

2

The follor

each substation

(a) The indic
switchgear;

(b) Alarms indicating the tripping of a
swilch

ion of the position of all

Fig. 3.
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(c) Alarm on the operation of fire-fighting
equipment;

) Im_l Al of the position of switches

h make the fire-fighting equip-

ment mﬂp\.m\l :

(e) The operation i![ urcuu breakers,
interlocked with @ ing signal;

(f) Buchholz relay alarm:

(g) Telemetering of ammeter and volt-
meter readings:

(h) Telemetering of battery voltages;
(i) Telephones.
42 The Common Diagrant.

sts of 20 pairs
corresponding 1o one of
ilable, onc lamp showing

The common dis
of lamps, each pa
the 20 channels a
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the device i the “on™ position and the other
in_the “off”" position. When a display i
being given either one or the other of the
20 lamps must be kit up. Where, however.
the total number of switches in a substation
is less than the maximum allowed for, the
redundant lumps are nlnnmalmlly blanked
out to avoid confusion.
The 20 channels have been allocated as
follows:
(a) On the 33kV system: 2 cl’;lnmnlls :DI
ting equipment, 4 channels for
Ncm}z alarms, 1 channel for the
warning of a switching operation, and
13 channels for cireuit ers.
(h) On the 11KV system: 2 channels for
ire-fighting equipment, 1 channel for

a telephane, 1 channel for the warn-
ing of a switching operation, and 16
channels for circuit breakers.

The illuminated windows on the wings of
the control desk have uampuem covers on
which are engraved the name and number
of the substation, a single line diagram show-
ing all the switches in their correct sequence
with_their circuit labels and their normal
position, whether “on™ or “of", This is
indicated by coloured pegs matching the
indicators on the system diagram which can
easily be changed.

A set of keys. one for each substation, is
provided which selects the substation to be
connected to the common diagram.




A further set of keys, one for each switch, closing, tripping. telemetering and telephone
selects the particular switch which is o be operations.
operaled or telemetered. Push buttons and On wp of the control desk are mounted
keys common to the whole equipment initiate the instruments for telemetering. There are

DETAILS OF SUPERVISORY CONTROL PANEL

TYPICAL SUBSTATION WINDOW
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2 ammeters for cach system, one scaled
0-600 amps and the other 0-150 amps, The
600 amp ammeter is normally in circuit, but
should the reading be 0o low, the other
one is connected by means of a key. One
valtmeter is provided to indicate busbar volts
in 11KV substations, one voltmeter 1o
indicate closing battery volts in 33kV sub-
stations and 4 further voltmeter indicates the
condition of the substation tripping batteries.

Common alarm cancellation and lamp test
push buttons as well as lamps indicating
faulty operation complete the equipment on
the common dingram. Figures 4 and § show
the fayout of the control desk in detail.

5. EQUIPMENT FOR THE
SUPERVISORY CONTROL SYSTEM.
5.1 General.

There are two separate sets of equipment
installed, one for indication and alarms and
the other for remote operation and fele-
metering. The same keys on the common
diagram are, however, used 1o select a par-
ticular substation.

52 The Supervisory Systen.

. As already mentioned, one pair of wires

jired for the operation of the system.
The maximum allowable loop resistance is
1000 ohms. This line loop is fed from the
30 volt 10 Ah tripping battery installed
in each substation with a steady current of
1 Any interruption of this
;v:.\ldy current, such ns»lom: h:nu?d I:
faulty equipment or a fault in the pilot cable,
will mﬁz the alarm hooter in x'?m control
room ta sound.

A complete sequence of pulses lasts

roximately 5 seconds and comprises the
following elements:

(a) A preliminary negative pulse;

(b) A starting negative pulse;

(c) Twenty signalling pulses, each of
about’ 100 m. sec. duration and
spaced by similar intervals, whose
polarities _depend upon the position

ices. If for instance,
cireuit breaker No. 1 is closed, the
pulse will be negative and if it is open
it will be positive.

(@) A long negative pulse of about 200 m.
sec. duration, used for the checking
feature.

(@ A negative check pulse of normal

At the conclusion of this series of pulses &
Steady signal will be given which is positive
if the substation is in a healthy condition
and negative if a repeated trip has occurred.

The entire %Luel!ce deseribed above is
being sent from the substation to the control
centre whenever a display is being requested.
Should a device such as a circuit reaker

which was closed, trip on a fault, an alarm
wi

und in the control room and the light
d the window associated with the par-
ticular substation will start to flicker.
Operation of the common alarm cancel push
button will silence the hooter and operation
of the substation key to call for a display
will change the light to a steady one.

Should a circuit breaker or other device
trip or change its position while a display
is being given, a_special “repeated tri o
warning will be given o indicate that the
display is no longer correct. A new display
will therefore have to be requested.

A display on the common diagram is left
on unil it is cancelled by hand.

Checking features are incorporated at
bath the substation and the Control Room
to prevent a display being given should any
sequence of pulses be mutilated through any
mal-operation of the equipment. Shoul
more than one display key have been
operated, one display only will be given.

53 The Control System

As in the case of the supervisory system,
one pair of wircs is required will
‘maximum loop resistance of 1000 ohms, fed
from the control room batlery with a steady
current of 10 mA. This steady current pro-
vides ngain a check on the pilot cable
equipment.

A complete sequence of signals lasts
approximately 4 seconds and consists again
of 24 pulses as follows:

(@) A preliminary positive pulse.

(b) Fighteen selector pulscs, each of

about 75 musec. duration, of which
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17 will be positive and one, the
selecting pulse, will be negative, The
position of the negative pulse in the
train indicates which circuit breaker
is to be selected.

() A voltage pulse which is negative if
the substation voltage is to be tele-
metered and positive if any current is
(o be telemeter

(d) A closing pulse which is negative if
a circuit breaker is to be closed and
positive under all other circum-
stances

ve interposing pulse.

() A tipping pulse which is negative if
any circuit breaker is to_be tripped.
and positive under all other circum-
stances.

(2 A long negative pulse of about 200
masec. duration used as a checking
feature,

This sequence of signals is sent from the
Control to the appropriate substation. If
the substation has received these signals
itive check pulse is sent back
substation to the Control. Receipt
of this check pulse clears the line loog

telemetering. The operation of a circuit
breaker cannot however be initiated until a
warning signal has been sent over the super-
visary system. Release of the key operating
the warning signal clears the control system
for the operation of a circuit breaker.

This warning feature, which sounds a
hooter in the substation has been incor-
porated in order o guard against the
possibility of maintenance fitters, working in
the substation. If a swilching operation
should not have been carried out within half
a minute of a warning having been given,
the line loop is released and the whole pro-
cedure has 1o be restarted.

Whenever a switching operation is carried
out on a particular circuit breaker,
current of that circuit is automatically tele-

. It is, however, possible o telemeter
any circuit without a switching operation
being carried out.

All telemetering is carried out with a
weak! direct current potential of negative
polarity which operates directly & moving

coil instrument, Ammeter readings have
therefore to be converted into D.C. voltages.

As the substation selection keys are
common fo both the Supervisory and the
Control Systems, a display on the common
diagram is given automatically before any
telemelering or switching operation. The
successful completion of a swilching opera-
tion automatically calls for a new display,
50 as to provide a visual check at the control
roam.

Check features are again incorporated
which prevent any operation of the equip-
ment through cither mal-operation of the
equipment or the operation of more than
one key. Should mal-operation occur, a blue
indicating lamp on the Control Desk will
light up. In addition, the selector key for
the circuit breaker to be operated must be
depressed with one hand while the trip or
close push button is being depressed with
the other hand, thus guarding against an
accidental switching operation.

gure 6 shows diagrammatically the
pulsing sequences for a complele operation.

“The first line shows the supervisory system
giving a display which was called for follow-
ing u trip alarm. It shows circuit breaker
No. § tripped, and all others closed and all
relays in the normal pasition.

The fourth line shows the control system.
Warning has been given ihat circuit breaker
No. § will be closed.

In the second line the supervisory system
indicates that the warning hooter has
sounded in the substation.

The fifth line shows the control system
sending the closing signal for circuit breaker
No. 5 and at the same time telemetering the
reuit of breaker No. §

The third line shows again the supervisory
system giving the control display and show-
ing circuit breaker No. 5 elosed.

The actual shape of the pubes can be
scen in Figure 7 which is the photograph of
an taken during ioni
tests,

54 Additional Equipment

I addition to the supervisory control
equipment  which consists essentially _of
relays, selector switches and other Post Office




type_ equipment, further apparatus is
required in all sul ations (o connect the
supervisory equipment fo the switchgear.

541

Indication and Alarm.

Auxiliary contacts are fitted to each
circuit breaker to indicate whether it is
closed or open. A relay is fitted in the
mon cireuit from the tripping battery to the

tchgear to_initiate the switch tripping

542 Fire-Fighting Equipment

This equipment, which releases carbon
s otk operation of fusible m..
A pressure ch  which
actuates the fire alarm in the Control Ilm\m
It also incorporates manuall rated
lock-out switch which has to be nmmlul
whenever the substation hmb entered for
aintenance purposes to guard against the
dental release of carbon dioxide. The
position of this lock-out switch is indicated
on the common diagram in the same manner
as any circuit breaker. The control engineer
is therefore warned if this switch is being
operated and can ascertain during his

Fig. 8.

periodical checks, if the lock-out switch has
been restored to normal.
543 Remote Operation

Interposing mercury type relays are fitted
to each circuit breaker. These relays are
connected 1o the closing and tripping circuits
on the switch control igure 8 shows
such a relay without its perspex cover.

544 Telemeterin

Interposing current and voltage trans-
formers with rectifiers are connected to cor-

Fig. 9.

responding instrument transformers on the
chgear and to the closing batterie
jgure 9 shows an interposing current trans-
former with its rectifier and diodes for surge
protection, with the cover removed.

The voltage of the tripping batteries is
metered directly as they supply lhc super-
visory equipment.

545 Warning Hooter.

This-hooter is installed in each substatic
and operates from the tripping batteries.







546 Telephones

A telephone is installed in all 11KV \nlw
stations.  As
swi

one telephone is sufficient for both.

547 Buchholz Alarms.
Ordinary alarm relays energised from
both_the Buchholz alarm floats and from
winding temperature indicators with maxi-

mum pointers operate the supervisory
alarms.
55 Cubicles
551 Comirol Room.

The equipment at the control room is

installed in_two pla The common
diagram equipment such as lamps, keys,
push buttons, meters and hooter are
mounted on the control desk. All other

equipment such as stepper switches, rek
condensers, resistances and terminal quup-

ment is housed in 4
measuring 6'—0” x 4’
measuring 4’0" x 4"

are are installed in a special room adjacent
1o the control room, The battery required
for the control equipment is housed, with

its trickle charger, in a special battery room
which contains also the batiery for the
mobile radio equipment. Figure 10 shows
1 front view and Figure 11 a rear view of
on¢ of the steel cabinets.

5.52 Substarions.

In cach subsiation there arc 2 wall
mounted shect steel cubicles, one measuring
1— x 2—0" x 11" for the \Ilp\wunry
»qmpl SO L measuring

28" x 10” for the control \.qmpll\en[.
Tiie ol s a equipment with
the exception of the intcrposing relays and

Fig. 12,

interposing instrument transformers which
arc mounted on the switchgear control

panels. Figure 12 shows the supervisory
Fbicle and Fi jgure 13 the control cubicle.

As this equipment is very compact, no
difficuliies were experienced in finding
sufficient wall space in all substations. Figure
14 shows the control room in a siep-down
substation with (wo sets of cubicles
cither side of the substation L.T. distribution
board.




OPERATION OF THE
SUPERVISORY CONTROL SYSTEM.

6.1 General.

A brief description of the actual operat
of the system will help to the design
eatures described in preceding paragraphs
It has to be emphasised again that there
are two entirely independent  systems

installed, one for the 33kV network and one

Fig. 14,

for the 11kV network. All equipment on
the Conirol desk is therefore duplicated and
n be operated independently and simul-
taneously. In order to distinguish the two
equipments, every item is carefully labelled
and in addition, all keys for the 33KV net-
work are coloured yellow while the keys for
the 11KV network are black, The engraving
of the transparent substation windows is in
red for the 33kV ns and in black
for the 11kV substations,

The indicating lamps of the common
diagram are coloured green to show open
devices and amber to show closed devices.

£ 2
equipme are coloured red and the
lamp indicating an incoming telephone call
from @ substation which is blue, This
is duplicated on top of the desk.

62 Indication

If a display of a substation is required,
the tive substation key which is
labelled with the substation’ number is
turned downwards. 1t stays in this position
until released by hand, Immediately the
white lamp behind the substation window
lights up, and after completion of the pulsing
sequence the lamps on the common diagram
give a display of conditions in the sub-
on. Returning the key to the neutral
position disconnects the substation from the
common_diagram, but leaves the light on
behind the substation window. Turning the

sta



key upwards extinguishes this light. This is
an important feature which will be explained
in the next paragraph

As mentioned before, should any device
in the substation which is being dwplnyed
change its position a general repeated trip
alarm sounds which lights up a special white
lamp. This is an indication that the display
on the common diagram is no longer correct.
The substation key must now be released
and depressed ugain, thus calling for a new
display.

6.3 Alarms.

Should a circuit breuker in a substation
trip, or should any other device such as fire-
fighiing equipment or a Buchholz relay
operate, the alarm hooter sounds und the
light behind the window of the substation
in which the tripping has occurred will start
flashing. Depression of an alarm cancella-
ush button will silence the hooter.

I;I:r sion of the appropriate substation key

give a display and convert the flashing
ugm inio a steady light. A comparison
- s el b b el
the substation window will indicate which
device has changed its position from nornal.

It sometimes happens that circuit breakers
in two substations trip simultancously. In
this case the flashing lights will appear
behind the windows of both substations. One
display will be requested by depressing the
substation key and the light behind a second
subﬂnlmn wmdnw. whose correspondi
is e will serve as a remi
rall for a dlsphy at a later stage.

A fault in the pilot cable or terminal
equipment connected to the pilots of the
supervisory equipment will sound the
ordinary alarm hooter. The flashing light
will indicate which substation is l.ﬁeund but
no display will appear on mmon
diagram on depression of the wibgaiin key,
The flashing light also cannot
inio & mudy light until the fault has been
attended 1

A fault in_the pilot cable of the anmI
equipment will Tight up a red lamp
the substation window as well as a oﬂmmnn
red “line fault” indicating lamp.

64 Telephones.

The operation of a call push button on
the telephone in a substation will cause an
alarm in the control room in the same way
as  switch trip. The display will show the
lamp marked “Telephone™ lit up. When a
display has been called and the telephone
key been depressed, the telephone connee-
tion will be established. If the control room
wishes to call a substation, it is nnly
necessary to depress the substation key am
the ielephone key. An audible signal wﬂl
be given in the substation.

6.5 Telemetering.

If the ammeter reading of a particular
cireuit is required, the substation is selected
by depressing the appropriate substation
key, the circuit hmlkﬂ |s then selected by
pushing the appropriate down-
wards where it mmnms umul released by
hand. This brings the higher range ammeter
on the control desk in the circuit. Should
the rudinf“m too low, the common
ammeter telemeter key is depressed and the
lower range ammeter is put in circuit.

For voltmeter readings the procedure is
simpler. The substation is selected in the
usual way and depression of a common key
will give an indication of busbar volts. This
facility is available only in 11KV substations
at present. Depression of a second common
key wil gve an indication of the closing
battery voliage. Closing _batteries are
installed only in 33kV substations. The
operation of two other common keys will
put tripping  batiery volimeler into
circuit of either an 11kV or a 33kV sub-
station.

6.6 Switching Operations.

As described previously, closing or trip-
ping a circuit breaker requires selection of
the substation, operation of the switching
key upwards in which position it has (o be
held against a spring return, and depression
of the common close or trip push button.

It should be emphasized that any mal-
apmuon of the equipment, or the accidental

ression of more than one substation or
s ing key mmnl\nnmnxly will result in
non-operation of the equipment.

At present, the only circuit breakers con-
necied {a the remoie control system are




those in the 33kV substations. The circuit
breakers in the 11kV substations are not
equipped with electrical closing devices with
the exceptions of some having auto-reclosing
relays, The cost of the conversion of il
circuit breakers to electrical closing does not
seem warranied, with the exception of a few
which control ties between the 11kV and
33KV systems, These will be equipped with
Closing solenoids in the near future and then
connected for remote control.
67 Routine Operation.

A very important consideration in the
use of a Supervisory Control System is com-
plete reliability. It has been found in practice
that due fo the fact that contacts on all
telephone type equipment are wlh‘.hﬂniﬂ%.
frequent operation of the equipment will
ensure that contacts are always clean and
that dust or other matter does not seitle on
any moving parts.

For this reason the practice has been
established 10 operate the entire system at
regular intervals.

At the beginning of every § hour shift
the operations controller calis for a display

every substation, thus checking the
position of every circuit breaker and other

1f time “permits, telemeter readings
of all currents and voltages are also taken
at every shift, but if this is not possible, they
are taken once every 24 hours,

Switching operations cannol, of course,
be carried out regularly. But as the 33kV.
system is at present operated with open
rings, the open points can be changed. This
allows the opening and closing of some
uit breakers at Jeast in every substation,
thus ensuring the functioning of each sub-
station equipment. The interposing relays
on circuit breakers controlling spur lines
are not operated excepl when actually
required for general switching operations.
These relays are however of the merc
type which is extremely reliable and it is
therefore felt that the absence of che
operations will not impair the reliability of

equipment as a whole.

7. |COSTS.

7.0 The Direct Wire System.
All equipment for use with this system
was designed and constructed department-

ally, Most of the components were pu
locally, but some were drawn from existing
stocks. It is therefore not possible to give
a reliable figure of the total costs incurred
bg the Department, particularly because no
check was kept on the time required for
the design work.

72 The Supervisory Control System

The equipment for this system was pur-
chased by public tender. The lowest tender
was accepted which was substantially lower
than any other. The equipment for the
control room including the operating desk
cost £5,400. This sum includes installation
charges.

The common equipment installed in each
substation was £423 per substation. To this
sum must be added the cost of interposing
relays and instrument transformers which
wis £57 per circuit breaker.

Installation costs varied between £250 and
£350 per substation,

73 Pilot Cables.

The total installed system comprises some
170 miles of pilot cable, of which half the
mileage consists of cable having 2 pairs of
1/.040” telephone conductors in addition to
the pilot cores. As mentioned before, a
large quantity of this cable had been
installed for a number of years. The cost
of the two (clchmne pairs was never ascer-
tained separately but it can be assumed that
it was no more than the cost of the copper
and insulation of these uctors, as they
occupy the space of the wormings normally
used in cables. The price of such cable
is approximately £130 per 1,000 feet.

Approximately 20 miles of pilot cable
consists of 5—10 telephane pairs in addition
to the pilot cores and some 60 miles con-
tins 20 or telephone pairs. The con-
ductor size in these cubles is ofien increased
o 1/064* in order to reduce the loop
resistance on long runs.

The additional cost of further telephone
pairs in a pilol cable is £4 to £5 per
pair of 1,040 conductors per 1,000 feet and
£7 per of 1/064 conductors, in addition
1o the cost of the 2 pair pilot cable quoted.




8. OPERATING EXPERIENCE.

The Direct Wire System has been upcrll-
ing almost faultlessly for several yea

The Supervisory equipment has now been
in operation for five years, but the Control
System has only recently been installed and

is not yet fully operational. The following
remarks refer therefore to experience wilﬁ
the Supervisory System only.

Mal-operation of the equipment in the
Control Room is very rare but faults on any
one of the substation units occur on the
average once @ mont ey are detected
during the 8 hourly checks and rectificd
within a few hours. These faults usually
require either the adjustment of a relay or
the replacement of a condenser or resistance.
Certain modifications which were carried out
also reduced the proneness of some relays
o maladjustment.

Faults on the pilot cables were at first
more frequent, but as all weak spots, such
as bad joints, are gradually eliminated, they
diminish in frequency very rapidly.

Damage to substation tqulpm:lll m.ulrmd
on two occusions am raced (o
voliages induced in the pllol cables dunng
the passage of heavy fault currents through
the high (ension cables which are laid in the
same trenches adjacent 1o the pilot cables
Post Office type surge arrestors were fitted
© buu- ends of every pilot core used for

rvisory equipment and appear to have
ulred this trouble.

No routine maintenance has so far been
carried out on any part of the supervisory
installation, very low incidence of
faults did not warrant it. With the com-
missioning of the Control Equipment which
contains many more. paa-l.s‘%nn the Sup:r-
Equipment this position may change.
Testing equipment has therefore been con-
structed which will enable the routine check-
ing of substation equipments o be carried
out. It is proposed fo carry out routine
checks monthly at first. will
indicate whether the interval between checks
can be lengthes

In general it can be suid that the super-
visory uqulpmenl has given excellent service

judging by its pecformance, an equally
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good service is expected of the contral
equipment,

The time required for the restoration of
supplies following outages of distribution
equipment has been appreciably \hurlenui
and control of the transmissio
been immeasurably eased. It is felt llwreloue
that the installation of the Supervisory
Control Equipment has been justified in
every respect
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The Utilisation of Hydro Electric Power
in the Union of South Africa

by

C.ER. LANGFORD, M.LEE, M.(5A) LEE.

1. INTRODUCTION.

In his address at Durban a year ago, your
President drew attention to the power palen-
tinl of Nual s water resources, and quoted a
few figures which were sufficient to stimulate
|nlem! m this field. He also said “it is
therefore in this dircction that T feel very
careful and comprehensive investigations
should be made during the next few years.”
Although considerable care has been tiken
in its preparation, I make no pretence that
Lh paper is a comprehensive investigation.
, however, my hope that it will lend
weu;m 10 your President’s remarks, and give
rise (o the detail investigations that are a
necessary E: liminary step before any hydro
electric scheme can come into being.

It is irrefutable that the basic use of the
water that falls en the land is to support the
population — o produee food (s where
it falls or by irrigation), to meet the domestic
requirements of the people, and to fulfil the
needs of industry. 'Bit while this is accepted,
a considerable quantity of water flows into
the sea annually having commenced its
journey at a fairly high altitude, and the
purpose this review is to examine the
energy potential of some of South Africa’s
waters. Our ot?ncluvc is only to extract this
energy (in the form of electricity) from the
water in its journey from the hills o the sea,
leaving 1 lh: water unaffected and still Lﬂpﬂh':
of serving the basic needs of the people in
many ot ways.

South Africa has to-day reached the stage
when it has several major transmission net-
works, fed by large thermal power stations,
supplying several thousand million units
annually. transmission  systems  arc
expanding steadily, and the day is ot far
distant when the three major grids — Natal,
Transvaal a; Western — could con-
ceivably be intemmnm:lu!‘ The interconnec-

tion would save on standby g::m:m\mg plant,
but the considerable increase in demand
cach year would still require inlddu‘)llal
generating plant 1o be brought into service
from time to time. It should be the continual
aim 10 keep the cost of new power as low as
possible. This paper examines the water
resources of the country to see where, and
whether, economical hydro power can be
found o help meet the increasing demand.

In the past, the approach has been 1o look
for hydro cleciric schemes capable of
existing on their own and, while a few of
these might be practicable, this study aims
al finding large blocks of hydro power thal
coukl be integrated with the expanding
thermal sources of supply,

One of the greatest difficulties in develoy
ing a hydro electric scheme is to justify the
carly stages when the large and gencrally
expensive civil engineering work is producing
anly o small proportion of the total output
of which the scheme is capable. This is true
of an isolated hydro electric scheme. How-
ever, where a hydro electric installation is
mlcgraml with a I existing thermal
system, it may be possible and economic to
obtain a high degree of utilisation of the
available energy from the water resource
right from the inception of the scheme. In
this way, the cost of hydro development
might to-day compare not unfavourably with
the cost of thermal development, With the
advent of hydro electric works, other benefits
would accrue to the country in that a con-
siderable degree of river regulation and flood
water control would be achieved, mal it
cheaper and easier to implement irri
schemes and urban water supplies.

2. HISTORICAL SURVEY,

While a good deal of investigation was
done 40 years ago, and presented as a paper
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by Dr. F, E. Kanthack, very little puhluhed

work on South African hydro electric investi-

gations has appeared since. It i inieresting

o recall that in 1920, Dr. Kanthack said.

“studying a topographical map of South
o

frica, one would expect to find power
possibilities on most_of the rivers of the
coastal fringe, ertain very pro-
nounced _limitations, this is aclualﬂ the
case.” In the past, there were undoubled

i s Ut ey 8 Rl deeclonmant,
not the least being the fact that the possible
power station sites were far removed from
the then existing load centres. Moreover, it
Mame evident very early on that river flaws
in South Africa were extremely erratic and
few records had been accumulated to
ihis The Fer potentials (0 be appraised.
In add»uon coal was very cheap. To-day,
the pi totally different. 5
ey Sl require very
much exnemiun o reach certain of the
sources of water power. The systems are
sufficiently |..rg= 1 Rbadeb s Blocks:of
energy (provided it is cheap) and this makes
it easier Lo justify large scale river mgululmn
Finally, coal is a relatively expensive com-
madity to-day compared with forty years
ago.

A great deal more investigation into the
nawre and potentialities of our South
African_rivers has taken place since the
carlier investigations. riment of
W airs are continually adding to their
records and although, in the main, their
efforis have been direcied lowards pmvldlng
or _irrigation
ws})lm. a wealth of information is avallable
o ihe basis of furiher invesiigations
into the power potential. This information,
as well s a great deal of technical assistance,

s been made avaliable by the Director of
wan:r Affairs,

In 1952, D, C. Midgley produced a thesis
entitled *A preliminary survey of the surface
water resources of the Union of South
Africa.” This work has been used exten-
sively in the production of this paper,

3. GENERAL POTENTIAL.
The Unlnu of South Africa is roughly

470,000 square miles in area, and con-
sists of a large plateau sloping lgmiunlly
from Fast to West, In the Fast and

the plateau is bounded by a
cscarpment. This range, in  the
East, runs roughly from North (o South,
starting off as ihe Zoutpansberg, then
becoming the Drakensberg, Quathlamba and
Stormbergen. In the south, the mountain
ranges become folded and run from east o
west, finally turning northwa
The fokded ranges comprise a s
inland from the coast over a_distance of
about 300 miles, the first step for the most
part being only about 50 miles or less from
the sea.

The country has a number of river systems
which are shown in Figure 1. By far the
largest portion of the great plateau is drained
by the Orange River system, of which the
Vaal River is the major tributary. These
rivers between mam drain approximately
26000 square mils, 3 large porton of
s i e i
extremely low average caintall. The naxt
largest river system is the Limpopo which
drains about 70,000 square miles of the
interior plateau, as well as the northern-most

of the escarpment, The remaining river
systems virtually drain from the escarpment
into the sea, and range around the coast
from the Olifants river on the west coast to
the Komati on the east coast.

From analysis and extension of available
rainfall and river gauging records, and a
detailed study of the lnpagmrhy‘ vegetal
cover and other factors, Midgley has esti-
mated gross average annual runen‘s for the
various river systems, as shown on Table 1.

The gross surface runoff shown in Table
1 is subject to certain losses for which allow-
ance must be made. ere are unnatural
losses due to upstream usage, and natural
losses due Lo water seeping into river beds
and o evaporation. A large proportion of
the water which seeps into the grows
at times of low flow, return to the stream,
the ground m.nimn a sponge. The figures
shown do not take account of water usage,
losses and accretions. It has been estimated
that the present toial usage is approximately
2.8 million acre feet per annum, while Ihe.
river bed losses (nearly all in the arid and
semi-arid areas) would amount o about 6
on acre feet. Thus the average net




TABLE 1.

Gross average
annual surface

runofl from
Region Drainage AREA IN SQUARE MILES net effective
Number System Gross  Ineffective  Net area.
0 run-off) (acre-feet)
100 Limpopo 70,549 7,660 62889 5531520
200 Komati 11,866 51 11815 3,264,570
300 Vaal 75,730 23,115 52,615 4,058,140
400 Orange (excluding Vaal) 160,302 44,851 115,451 6.347,710
500 Olifants 17,993 776 17217 865,850
600 Cape Western 11,187 2,499 8,688 57.860
700 South Western 9.834 2637 7.197 1,695,060
800  Breede 5.987 455 5,532 1,539,850
900 Gouritz 17,546 n 17475 544,760
1000 Outiniquas 2.807 15 2,79 549,450
1100 Gamtoos 13,270 103 13,167 458,130
1200 Algoa Bay 1,000 = 1,000 122,190
1300 Sundays 8,061 — 8,061 240,820
1400 Great Bushmans 2202 367 1835 66,990
1500  Great Fish 11,724 910 10,814 541,490
1600 Amatola 3,081 - 3,081 432,480
1700 Great Kei 7.98% — 7.989 988,160
1800 Transkei 18,201 - 18,201 7,994,240
1900 Natal 1127 _ 7127 3,218,500
2000 Tugeln 11,257 o 1257 4114070
2100 Zululand 23,078 — 21415 6,149,750
Whole Union (including
Totals Swazila 490,791 85173 405,618 48,781,630

Basutoland)




surface runoff of the Union, reaching the
sea, is approximately 40 million acre feet
per annum, this being roughly 8% of the
average. rainfall or Just over Ig inches
averaged over the whole surface.

This net averige runoff is referred 1o as
the mean annual runoff (MAR) and is the

volume of water, expressed in acre feet,
ﬂnwil'lg in the river system in an average
year. It will be fully appreciated that in
some years considerably less flow than the
MAR is experienced a % con-
siderably more.

If but half of the mean annual runoff
the sea could be utilised at a head
of 400 ., it would provide more than 6,000
million units, ie, about one-third to the
total electrical energy used in the Union in
1959. Bearing in mind that much of I.hu
water comes from altitudes in excess
4000 f1. above sea level, it shoukl bepolnubk

0 find some sites where large blocks of
hydm electric  power are iy
feasible.

An analysis of Table 1 in relation to the
Union's present power requirements very
quickly restricts the scope of investigations.

The Limpopo and Komali rivers flow
largely in adjoining territories and arc also
very far from any major load.

The Vaal and the Orange rivers are well
situated with respect to load tres, An
carry a water — in fact about one-
fifth of the total runoff of the Union.

The Vaal with its existing development
and usage combined with the terrain Uuou
which it flows, provides no major h
electric possibility, though it may be
interest 1o examine the cost of units lhal
could be generated from u.n -mm- Tlowing
through Vaaldam, The O however,
several possibilities, whu.h am dealt with

in detail later.

The remaining river systems draining the
escal t do not really offer much scope
unlll one mchzs Il:c raml(a and Natal.

Ils:ed ('I'nnxlm Nau] Tugela and Zulu-
land), account for nearly half of the total
Union potential. All these river systems are
in areas where present water usage is
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relatively limited, losses due to evaporation
least, and perennial rivers plentiful.

Although the potential of the Transkei is
faily high, there is at the moment
insufficient load to justify development of
any major scheme. If, however, there is
large seale development of the Bantu Areas,

power,

pnrmulnrly as the alternative thermal power

ively expensive. This polential
i, the Paper.

In Natal and Zululand. we have nearly
one-third of the Union’s water resources, an:
the power potential is considerable. In order
to keep this paper lo a reasonable length,
only the more promising rivers in this region

been examined, these being the Tugela
and the Pongola.

4. UTILISATION OF WATER.
(i) General characterisics of 5.A. Rivers.

The long-term MAR figures shown in
Table 1 glve. unly a broad picture of the
river flow. These represent total flows in
0 average year whnus m;lunl discharges
during the may vary in some rivers
from nil to a llundwd or mnre times the
mean annual discharge. During some years,
actual total flow is well beluw the MAR,
while during others it is considerably in
excess. This characteristic, which is more
accentuated in u.: Union than in many other
countries, r lying

par(ucu arly fmm the point
of view of r generation, for which the
water supply must be reasonably constant
lhmthnu( the year and from year lo year.
Midgley and athers have shown that in order
o aochm reasonably accurate assessments,
say, within + 109, MAR’s should be based
on tions over a period of at least 30
years.

Long term records are also necessary
when i comes Lo assesing the capacity of
10 wit a given

river lhere is a typical
relationship between storage and permissible
sustained yield: a typical curve for a Natal
river, in which these variables are expressed
as p:l'wnllps of the MAR is shown in Fig.
2n). Tower curve is the yield after
ullowmg for evaporation losses, Tt is clear
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that the curve represents a law of diminish-
mg returns.,

(i) Assessment of River Potential.

As may be well a iated, the usefulness
af nnuml stream flow in South Africa,
not regulated by storage, is extremely |
Uniregulaed flow is in any ease restricted o
perennial streams. The sustained yield from
unregulated rivers is the minimum
experienced during severe drought and this
figure for South Africa averages
less than 3% MAR. Seasonal yields, occur-
ring during the summer months over the
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generally less than two consecutive seasons,
This type of flow is of limited use for hydro
tric development and so it is necessary
10 resort o storage.
With storage there are three ypes of yield
that can be considered, These are:-
(a) intermittent yield (seasonal
regulation),
(b) sustained yield,
(c) variable yicld
regulation it is .
missible o draw uH in the dry mxonpﬁru
wnler than has accumulated “in the wet
scason. On this basis it has been calculated
that with storage equivalent to the MAR, it
is possible 1o use up to 90% MAR for 70



years out of 100 with failures seldom exceed-
ing two consecutive years, Thus with storage
equal to the MAR, seasonal regulation will
give a utilisation of 63

(b) Sustained g'icld implies regulation to
give a uniform flow throughout the year,
irrespective of droughts. Depending on the
characteristic of the river, a given storage,
expressed as a percentage of the MAR, wi
allow a certain firm flow, also expressed as
a percentage of the MAR. as illusirated in
Fig. 2(a). An allowance must be made for
evaporation and this has the effect of reduc-
ing the firm flow permissible from a given
storage, as indicated by the lower curve in
Fig. 2(a). The actual amount of the reduc-
tion is dependent on the local rate of
evaporation and the characteristics of the
storage basin.

As previously mentioned, Fig. 2(a) shows
that the greater the storage provided, the
smaller is the incremental gain in firm flow,
and it is, therefore, necessary to study the

the optimum yield. In pl
illustrated b; Figs. 2(a) and 2(b) the sus-
tained yield from storage equal to the MAR
is 50% MAR.

(¢) Variable yicld is a combination of
seasonal regulation and sustgined yield. To
achieve this, a portion of the total storage
is in reserve and used fo provide a
sustained yield while the balance 1s used as
seasonal storage.

Again consider a tolal storage equivalent
to the MAR, but in this case reserve 25%
for sustained flow and use 75% for seasonal
flow. In the example of Fig. 2(a), the 25%
MAR storage will allow a sustained flow of
26% of MAR, while the remaining 75% of
the storage will give flow of 90% MAR
which will be available for 65 years out of
100, The same storage thus gives:—

909% MAR for 65 years, and

26% MAR for 35 years, which represents
an average utilisation efficiency of 67.6%.

Fig. 2(b) has been prepared fo illustrate
the overall fa'm by wnrkinien the basis of
variable yield. This figure has been plotted
to show the annual flow over a 50 year
period on the basis of 100% MAR provided
as storage. The sustained yield would be

509, shown by the line AB. If, however,
only 256 of the storage is reserved for sus-
tained flow, giving a flow of 26% of the
MAR, a flow of 90% MAR can be taken
for 32 years out of the 50. There is con-
siderably more power above the line AB
than the shortfull in the 18 “lean™ years, and
the utilisation factor is improved from 50%
10 67.8%. However, from the point of view
of producing electricity, this form of opera-
tion is not practicable unless there are
alternative power sources 10 make up the
shortfall in the “lean™ years. It might be
possible in some cases @ retain obsolescent
thermal plant to “firm-up™ the hydro power
and thus achieve improved water ulilisation.

Alternatively, when operating on the basis
of sustained flow there will be a considerable
amount of water spilled in the rainy seasons,
particularly during the years of high rainfall,
while there will be occasional periods, but
probably seldom _exceeding 3 _years in
succession, when there will be little or no
spillage. Some of this excess water coul
be used by installing appropriate additional
turbine capacity which wor it the
production of additional power when there
is excess water at the cost merely of the
plant and penstocks. This generation woukl
save the fuel charges on the corresponding
thermal plant, and allow a partial reduction
in the amount of standby thermal plant that
would otherwise have to be provided.

(i) Silr.

It is frequently said that silt is a major
problem when it comes to storage in South
African rivers. While this is to a certain
extent true, it is a problem that to-day can
be reasonably well handled. A great deal
of investigation has taken place into the silt
burden of various rivers and quite accurate
information is available as to the volume of
silL likely to be deposited under natural con-
ditions in a reservoir.

When designing storage works, allowance
must_be made for the accumulation of silt
and it is possible to calculate the life th
can be expected from a particular reservoir
basin from the point of view of silting, and
provision can be made either for separate
silt basins or for “dead”™ storage in the main
basin, When considering storage dams for
hydro-electric works, as distinct from irriga-




tion works, the “dead” storage may not be
such a serious matier, To produce power
one wants both head and volume of water;
provision of “dead” storage increases the
head available on the “live” storage. Silt
can therefore be dealt wuh fslrly readily —
in fact, adequate “dead” storage would very
often be inherent in .s dam dcaignnd
primarily for hydro electric purposes, since
some “dead” siorage is probably an auto-
matic result of establishing the head and
limiting the drawn-down to that for which
the turbines are d

It is hoped that as soil conservation
measures are extended there will eventually
be a decrease in the sill burden in the rivers,
though this will also result in a reduction
in water available.

(iv) Evaporation.

In South Africa, particularly in the arid
areas, evaporation has an appreciable cffect
on the quantity of water available from
storage. Here 100 extensive investigations
have been carried oul over a number of
years, and information is available to enable
satisfactory allowances to be made when

culculating the yield from storage.

In recent years, there has been a great
deal of research inio means of treating water
surfaces so as to reduce evaporation, Con-
siderable L|Hlm$ have been made for the use

not be substantiated. However, it
unreasonable 1o hope that success
field will eventually be achieved.
5. ORANGE RIVER SCHEMES.
On the Orange River, several schemes
have been investigated, Three which are
concerned primarily wuh :he uction of
hydro electric power isted k:w.
aiﬂmngh several other pmy:ua have been
suggested b
() The Ox-Bow Lake Scheme in the
ches of the river in Basu-

toland:
(i) The Vanderkloof Scheme near
opeiown, a
(iii) The Oranjedam near the mouth of
the river.
The Reports published on lh:se schemes (0
P

(i) The Ox-Bow Lake Scheme.

In February, 1956, Mr. Ninham Shand
presented a report to the Basutoland Govern-
ment_entitled “A Report on the chmn;\l
Development of the Water Resources of
Basutoland.” This work deall with three
possible developments on the upper Oras
River system, the most attractive of which
was the Ox-Bow Lake Scheme on the
Malibamatso River, one of the main source
tributaries of the Orange.

This scheme consists of building a rock-
fill dam across the river at an altitude of
about 8,200 feet above sea level. A tunnel
approximately four miles long through the

aluti Mountains enables the water to be
dropped into a tributary of the Caledon,
the Hololo River, by way of which the
water, if not used for other pnrpcms would
cveatially return o the Oran

s means, the water from the
mmmnds a head of nearly 2.000 feet and
is able to uce o considerable amount of
energy. ral layout of the scheme
is shown in gg’“: from which it will be
seen that further tunnel sysiem taking the
water off from the Hololo River
another tunnel enables an ﬂdﬂhllﬂﬂil 800 ft
head to be used.

Since 1956. investigations have been pro-
ceeding with the cﬁlEcﬂDﬂ of hydrological
data in the catchment areas and the prepara-
tion of accurate maps. A further report is at
present in hand and is expected (o give more
accurate assessments of the hydro electric
pnlmlia] and more detailed estimates of

This report should be completed
!A!st the end of 1961,

In addition to using the waters of the
Malibamatso River, it has been pointed out
that it might be practicable to tunnel through
the various divides and collect, into the
Ox-Bow Lake, water from several other
rivers, namely the Moiete, Matsoku and
Khubelu. All these rivers eventually join
up 1o become the At present,
however, no real assessment is ble as
to how much extra water will be available
from these other rivers, but they could con-
cei hlyLdouhic or even treble the Ox-Bow
pote

date are all in the nature
studies,
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Bow Scheme indicated that the Malihmum
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VANDERKLOOE _SCHEME
SEALE 1tRa000

F16.4 |

River system alone could produce about
395 x 10* units of electricity per annum, or
slightly less electricity (about 109%) and
some 40 million gallons of domestic water
per day. With the addition of three rivers,
it will be appreciated that a large block of
electric could be made available in
the northern Free State.

(i) The Vanderkloof Scheme

Farly in 1959, Merz and McLellan (South
Africa), using an carlier report of Mr.
Nmrum Shand as a basis, made a pre-
mry mml!galmﬂ into the hydro electric

of the Orange River at Vander-
loof. Thns was done at the request of the

Northern Cape and  Adjoining  Areas
Regional Development Association.

At Vanderkloof, which is roughly 50 miles
up river from Hupemw it appears feasible
to build a dam 350 ft. high, impounding
some 3.3 million morgen feet of water (or
7 million acre feet) of which effective use
could be made of some 1.5 million morgen
feet. This could luce about 940 x 10°

per annum and sufficient water (o
cavity irrigate 95,000 morgen land
immediately below the dam itself, not 1o
mention the vast possibilities of irrigation
further down the Orange River through the
regulated flow that will result from the pro-
duction of electricity.







Figure 4 shows the situation of the Van-
derkloof Scheme as al present envisaged.

Giit) The Oranjedam.

Towards the end of 1959, Dr. Henry
Olivier, at the request of Mr. D. J. Scholtz,
M.P, for Namaqualand, investigated the
hydro electric potential of the Orange River
where it passes through a gorge about 80
miles from its mouth. This site has been
named the Oranjedam.

At this site il appears pmsmle to build a
dam between 500 and 550 feet high rc-_:lmg
a reservoir of some 110 w 120 s
length. It has been calculated that mu
scheme could produce 2250 x 10° units
per annum.

While there is some existing load on the
west coast from Gmn,emund southwards,
the bulk of the power from this scheme
would have to be transmitted to Cape Town
and the Cape Western Undertaking of
Escom.

Sunimary of the Orange River Potential.
From the investigations detailed above,
which are not all that have been carried out,
it appears that the Orange River could at
least produce the following power:—

units pa.
OxBow Lake 305 x 10 90 MW insialled®
Vinderkioof 30 x lt 20 M
Oranjedam . 2250 % 10° 00 MW
TOTAL 3585 % I 800 MW

re § shows the above three scheme
in relation to existin umsmmmn networks
together with possible interconnection o
facilitate using the hydro electric power. 1t
should, of course, be borne in mind thal. at
the best, only a small rprupﬂrlmn of the
projects shown_on This figure could be in
existence by 1970.

6. TUGELA RIVER.
General.

Tugela River system drains a catchment
area of approximately 11,200 square miles,

* The instailed capacity has been ut on
the basis of a load factor of Jppnmmlmy 0%,
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lying between the Drakensberg in the west
and the Indian Ocean in the east. Its bas
roughly reclangular in shape with a ,mm
handle joining it to the Indian Ocean, is
divisible into three significant topographic
areas, each with a typical surface formation
whi likely to have a strong influence on
the development of its water resources. Dis-
regarding the relatively small coastal ares,
these are: —

(a) The area above the 4,500 foot contour
(20 miles of river bed) which includes
the foothills and main escarpment of
the Drakensberg. This is hilly and
mountainous with steep escarpments.

The area lying between the 4,500 and
and 3,000 feet contours (imvolving
210 miles of river bed) with rolling
countryside and in which the river
valleys are relatively shallow and
wide.

The area lying between the 3,000 and
500 feet contours (involving 140 miles
of river bed) which is very broken
country, intersected by deep gorges
«carved out by the rivers and streams.
In this zone there is very little level
or mildly undulating land and the
rivers are at great depths below the
surrounding country.

From these divisions, (b) should be
investigated o provide the long-term regu
lation, while (c) should provide in the main
the heads for power generation.

Figure 6 shows diagramatically the main
river system, while Table 2 shows the extent
of the catchment areas and the mean annual
run-offs.

An interesting comparison between the
Vaal and Tugela River systems is shawn in
Table 3.
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TABLE 2
%
sq. miles M.AR.

Upper Tugela, including Klip River .. 3,266 1,300,000 acre fect
Lower Tugela 750 360000 . .
Sundays 970 240,000 . .
Mooi w g 1,150 500,000 . ..
Buffalo 3.990 1200000 . .
Bushmans - 1,074 500,000 . .
TOTAL 11,200 4,100,000 acre feet




TABLE 3

Vaal Basin  Tugela Basin
Total area — square miles 75,000 11,200
Mean annual run-off — acre feet 4,000,000 4,100,000
Population — all races 3,000,000 552,000
Population supplied by urban waier undertakings 1,700,000 64,000
Total capacity of storage reservoirs — acre feet 1,400,000 Negligible
Area under irrigation — morgen 60,000 9,400
Length of main river bed — miles _ .. approx. 650 15
Total fall — feet z approx. 2,500 10,000

From this comparison Il readily be The Water Affairs Department have

i
seen that there 18 considerable scope for
development of the Tugela and that, in
particular, it should be possible to produce
a significant amount of 'nydm el.octnc
power between Colenso and the

As far as records go, the Tugela river was
first looked into by Mr. Hangartner at the
instigation of Dr. Kanthack, in whose lm
paper Mr. Mr. Hangartner's estimates we
published, Amongst a number of sites e
there were thiee at which heads of between
410 and 600 feet could be obtained without
involving unreasonable lengths of mnal
Allhougi existing records do not reveal
exact sites examined by Mr, Hangartner, n
is fairly clear from contour maps that the
600 feet head must have been just below
Colenso, while there are several places lower
down where heads of feet can be
obtained. With the assistance of the Water
Affairs_Department the development_of
three sites has Bwn examined in the light
of present-day knowledge of river regimes
and modern dam-bufiding technigues.

Possible Development on the Tugela.
Sre A,

A few miles downstream of Colenso the
the river falls fairly rapidly and it appears
possible to mnslnm a wall approximately
300 feet n‘alm of a camal
approximately mghl miles ung. o com-
P a head of over 500 fe
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investigated a number of storage sites
upstream from Colenso, and at one of these,
known as Gorge, it is possible to design for
a firm flow of 500 cusecs at a reasonable
cosi. With additional storage at Colenso
itself, assuming only the top S50 feet of a
reservoir there to be available for regulation,
it has been estimated that a steady flow of
about 670 cusecs can be sustained: with a
head of 500 feet this will produce only
196 x 10° kilowatt-hours per annum. Alter-
natively, the combined Colenso and Gorge
storage could be operated on a variable flow
hasis to yield 400 cusecs minimum flow and
1150 cusecs for 65 years out of 100, with
a maximum dry period not exceeding three
years, this the energy available
over a 100 year period would average
260 x 10* kilowatt-hours per annum, For
65 years out of the hundred there would
be 335 x 10° kilowatt-hours per annum
available for the system, while the minimum
energy during the 35 “leai

be 120 x 10° kilowatt-hours per anaum.
This means that there would have to be
sufficient standby plant on the system to

mak: up the shortfall in these years (one
machine would suffice). The calcu-
ixuum & Saction: 5 af the pioe: i iedle
on the basis of the average energy available,
ie., 260 x 10° Kilowatt-hours per annum.
This supply could easily be fed into the
existing transmission system at Colenso
power station. Assuming that the hydro



plant would largely be contributing peak
units, i.c.. operating on a comparatively low

load factor of about 25%, the station would
have to have nppml.l 20 MW .,f
plant installed. es of good river-
;Inw this plant could t‘c rm: :zl a higher !.wl
actor.

Sire B,

Site B is situated a few miles above the
confluence of the Bushmas flow
provided by the storage at Site A “and Gorge
would be augmented by contributions from
the Klip River.

AL Site B it would seem practicable (o
bulM a will 120 feet high. Storage of

000 acre feet at this site will give a sus-

lamnd flow of 870 cusecs or a variable flow
of 520 cusecs minimum and 1,480 cusecs
for 65 years out o
imately 17 m:ln Iohg rrnm this site wnuld
comma . This site with
150 MW of pmm wunld be capable of pro-
ducing 300 x 10 k:lnwu-houu per annum.
Sie C.

AL this site pnt.ﬂcnlly the full flow of
the Tugela river s ‘becomes available.
In this section uradlem of river is
relatively flat and head would have to be
created by damming up the marrow river
valley. Whilst there are a number of possible
sites that merit detailed investigation, one
particular site has selected for the
purpose of this exercise. At this point it
would appear feasible 1o cmslru«.t a wall
approximately 300 feel in a narrow

L ) o long would
give a further 200 ft. head. With the storage
already provided on the river at sites A
snd B, u(:selhcr with regulation in the upper

he Buffalo, m using (he lop

100 foet of this dam, 1i o possible
to obitain a suswnud now nl at least 3300
h the 100 feet draw-down, U

mean head available at this would be
450 feet, The site has thus a potential of
1,000 x 10° kilowatt-hours per annum, from
ggﬂm«mllad plant capacity of approximaely

Summary.

Preliminary investigations indicate that
the three sites are capable of producing

&2

nearly as much energy as was supplied by
Escom to the whole of Natal in 1958, At
the present fate of growth of power con-
sumption, the hydro installations en

abor uld  meet s increasing
delmml for a period of about eight or ten

Thc suggesied broad  programme  of
development of the Tugela river illustrates
nt characteristic iver utilisa
that by commencing regulation
works in the upper regions of a river system,
the regulated flow can be used several times
over in the lower reaches of the river. More-
over, the development of the river potential
can take place in sta keeping in step
with the gmwlh of the electrical system and
the demand.

7. PONGOLA RIVER.

Next 1o the Tugela, the Pongola river is
the largest in Natal. The river rises at an
altitude of more than 7,000 fi. above sea
level, falling fmrly rapidly to an elevation

X 5 flows through the
middleveld zone, H re the river is contained
in a narrow valley. Shortly nﬂer hcmg
joined by the Bivani river, and so
miles from the source of the Fungoia :hc
valley broadens out into two relatively wide
basins, both below 1,000 fi. in elevation,
The first of these has been used as the
Pongola  Government [Irrigation Scheme,
while the lower has now been reserved as
the storage basin for the Poﬂgu]apnﬂrl Dam.

Any development of power the
Pongola River, other than that wlm.h can
be produced at the Pongolapoort Dam, must
take place in the upper reaches of the river
or in the middleveld zone. Basic storage
would have 1o be developed in the upper
reaches of the river system and in the

narrow valleys it will be necessary to build
high dams which would provide some
additional regulation and create head. It
might even be possible, where the river falls
rapidly, to obtain more head by means of
canals or tunnels, The investigations of
Hangariner and Tonnessen in 1920 esti-
mated that the Pongola could produce
nnrly I ion units per annum and
i s certainly worth detailed
uwrsnga(mn in the light of modern know-
ledge and dam building techniques,




8. TRANSKEI AREA.

The Transkei is the centre of a good deal
of interest at the present stage of South
Alrica’s development. We are told that it
is the Government's intention to develop the
area and. in particular, to foster the growth
of indusiry, Power, at reasonably economic
rates, is an essential for modern industry,
and its production in these somewhat remote
areas will be a major problem to be tackled
before any real develapment can take place.
If thermal stations are 1o be considered, they
will have to be sited within reach of
adequate water and rail access, The latter
may necessitate the building of special rail-
way lines which, 10 obtain a true com-
parison, should be added 1o the capital cost
of an ermal power station. All these
factors considered, it is extremely unlikely
that power from thermal sources in the
Transkei could be produced for less than

1d. per unit.

It has been estimated that this 18,000
square mile region loses water 1o the Indian
Ocean at a minimum rate of 150 million
gallons per day. This area is the best
walered in the Union, having a run-off of
twice that of the Vaal from & catchment less
than one-quarter the size. However, a great
deal of work is still required to obtain
sufficiently accurate information to form the
basis of reliable studies. For example, silt
in this area would be a major problem.

There are already a few hydro develop-
ments in_the Transkei, e, the town of
Untata obtains its main requircments from
the Umiata River. There are numerous
possibilities for small power generation
el all over the area, either as run-of-
river schemes or requiring only moderate
storage.

On the Bashee River, D, C. Midgley has
estimated that a modest amount or regula-
tion would give a minimum flow of 300
eusecs and this could be used fo produce
15 MW of firm power.

The Umzimkulu river also has numer-
ous spectacular waterfalls,  This river
however has a comparatively steep gradient
along its entire length, and would require a
fairly high dam to arrest its flow. Never-
theléss, power installations of the order of
7 MW should be possible.

Thus, it is quite apparent that the
Transkei has considerable power potential,
a large portion of which could be develoy
with reasonable economy in comparatively
small stages. This sort of development
would fit in particularly well with the build-
ing up of the territory, and it is
that these sources of power will be fully
investigated when the time comes.

9. COSTS.
(i) General.

There is no doubt whatsoever that the
fundamental fact which will finally deter-
mine whether or not hydro electric power
comes into being in South Africa is the
question of cost. There are certain other
factors, such as the general benefit to the
country of river regulation and the wtilisa-
tion of a non-wasting asset, but_these can
only help to swing the balance if the cost
of hydro power compares favourably with
the cost of thermal.

For the comparison with hydro electric
possibilities, it is proposed only to examine
the present costs and trends of conventional
coalfired steam generating plant witho
complicating i
nuclear generation. This is a separate

ich will also eventually
ave @ be decided on the basis of
economics, although the day may well come
when we will have in South Africa a nation-
wide system embodying all three forms of
generation.
(i) Costs of Thermal Generation.

The cost of producing electricity at the
power siation busbars is made up of three
components, These are:

(a) the annual charges on the capital

invested,
(b} fuel costs, and oil water and stores,

an

(c) operating and maintenance costs.

It has bn%cn the constant_endeavour of
planning and generation engineers 1o (ry to
keep dn'wn the cost of producing electricity,
but the only means at their disposal it
resorting rger
machines, and higher steam conditions,
which result in a lower cost per kilowaut
installed and which give an improved heat
rate. Against this there are several factors
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~— higher interest charges on capital,
increases in the cost of coal, and increases
in the cost of labour. These seem (o have
outweighed the falling constructi
and the improvement in efficiency, and

nett result has been a steady rise in the cost
per unit senl out from power stations in
South Africa. It is extremely difficult to
see when, if ever, there will be a change
in this trend insofar as thermal generation is
concerned.

From_the figures pnhl.uhnd in the IBSﬂ
Flectricity s..px

(mnmlzi'thlt e smm S O
reserve charges are on account of generating
plant, and one-sixth on account of trans-

bi

mission), it would appear that the average
generation cost is made up of the following
proportions:—

(a) loan chay 37%

(lppmxlmltiy half buu-.g
interest and half redemp-
tion and reserve funds)
(b) coal costs .. - 38.5%
(¢) operating and maintcnance  14.5%
Of the above figures, more than half, i.c.
coal costs and operating and maintenance,
are subject to wflation, after any given
station is built.
Figure 7(a) illustrates what is happening
to the costs of coal delivered to various



wer stations in South Africa. It is clear
rom this that, at presenl, increases in the
cost of railage have the preatest bearing on
LM prices, but even in the cases of
stations on the coal held;. there is an
\lpward tendency in all the cu

In_ recent years, m{m—nmum has been
published in_the Annual Escom_reports,
from which it is possible to derive total
generation costs per unn sold or sent out
from various power sk 5. The generation
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cost per unit sent out for the combined
Central and Southern Natal Undertakings
has been taken out for the years 1955 to
1959 and these are shown in Figure 8. It
will be seen from this curve that, although
the upward trend may continue for some
time, there appears to be a decrease in the
rate of rise.

From the published information, Table 4
shows (he generation costs per unit sent out
for various Escom Undertakings in 1959.

TABLE 4
Generation Costs — 1959

Total units Total generation
Undertaking sent out cost Cost/Unit
x 100 £x 100 pence
Natal (Central & Southern) 1,931 533 0.663
Cape Western 920 3.663 0956
Rand & O.F.S. 11,157 17.966 0.386

65



(iii) Cost of Hydro Generation.

These costs are made up of the same
companents as thermal stations, excepl that
there are no fuel charges and much reduced
operating and maintenance costs. Greater
capital costs are involved in construction of
hydro stations as a rule, and this s @ f.wmr
which tends to offset the saving on hlc]
the other hand, the main assets
Omer biation Kawe. g Hvis oo thenr]
plant and consequently the burden of the
annual redemption is lesses

Dependent largely on the mlc of interest
and the redemption periods, generation
costs of a hydro unit can he split into the
following proportions:—

Capital cha 90% — 85%
Operating and mainten-
ance charges 10% —

As both of these costs are
stant, whether or not the T

m plam is designed for is actually pro-

juced, the cost per unit sent out varies as

It n. (h:n.lum, important that if hydro
B re ta be cheap, the greatest
possible w: lmlsl be made of the potential
right from the start. Of these costs only
10 15% are subject to inflation once the
scheme is constructed, Hydro power stations
have a comparatively long life over wi
the capital charges are constant. In & con-
dition of rising costs and devalutation of
money, & long period of constant charges
has the effect of making the energy relatively
more valuable in the later years.

(iv) Costs of Orange River Schentes.

In Section 5, brief descriptions of threc
hydro electric schemes on the Orange River
were given, rn the preliminary investiga-
tions of these schemes, costs were estimated,
although it mnsl be emphasised that these
estimates had to be made of necessity on
very broad as-umpliom It may be of

inierest, however, [0 compare these costs
w!m the 1959 LmBo{ the Undertakings into
which the various projects might supply

nw ratio of designed output o actual out- power. These are shown in Table 5.
TABLE §
Comparison of hydro and thermal costs
959 o
Cost per  Sysiem into which  of n.,,.‘.”.;. 1959 average
Hydro Scheme !\)-lm nit  power woul Coal Cost selling
be fed Jcneration  component  price/unit
only
Ox-Bow Lake 03450, Natal 0.663 0315 0822
Vanderkloof 047,39 Cape Northern 0.386* 0.118* 1.1509
Orangedam 046 Cape Western 0956 0334 12317

This price is for the Rand and OFS. Undmal.m; which supplies the Cape Northern Undertaking.

The Vanderkloof costs howsver inc nsimissi
average selling price in the Cape Rorthenn Gatora

Although the figures shown in Table §
must be treated with some reserve, there
certainly appears to be a case for detailed
investigation into these possible sources of
power.

() Economics of Developmenr of Tugela
ower.

In Section 6, an indication was given of
the possible power that might be developed

and therefore should be compared with the

in stages on the Tugela river. We have also
seen thal, in 1959, the cost per unit
generated in Natal was 663d. and the trend
indicated still further increases. This trend
may be arrested (or even reversed slightly)
when lng;pme power station comes into
operation in 1963/64. If it is assumied that
hydro power could be sold at a maximum
cost of 0.65d. per unit, the revenue abiain-
able from each 'ﬂhcmt can be derived and,




on the basis that the capital charges and
running costs would be nol more than 74%*
of the capital spent, we can estimate the

maximum amount of capital which coukd
be invested in hydro ¢lestric works on the
river, These figures are set out in Table 6.

TABLE 6
Annual Annual At Capitsl
Ui Ufs wat o which could
Availible out (97.5%) “‘um"n Y  spent
Scheme A (Colenso) 260 x 10¢ 254 x 10¢ £688,000 £9.15 x 10*
Scheme B (Bushmans River) 300 x 10¢ 292 x 10 £790,000 £10.5 x 10°
Scheme C (Lower Tugela) 1000 x 10* 975 x 10°0  £2,640000 £35 x 10°

Scheme A requires 120 MW of plant —
say six sets of 20 MW each. It is reasonable
to assume that the electrical and mechanical
equipment in the station will cast a X~
imately £1.92 x 10, while the transmission
required to connect this station to the exist-
ing system at Colenso is estimated o cost
£200,000. This leaves approximately £7.0 x
10" 1o be spent on the civil engincering
works.

It has been estimated that the cost of the
Gorge Dam will be £2.8 X 10° and that of
a 300 1t. high dam below Colenso £2.5 x 10
It is necessary to add to these figures an
amount to cover the canal, penstocks, surge
chamber and power house, which have been
ditimated 1o cost £15 x 10°. Thus, the
total civil costs might be approximately
£6.8 x 10, wi::i"j‘ means that the first \ha
of the Tugela development appears 10
possible at a lower cost than the 1959
average (hermal generating cost in Natal.

Having now oblained a regulated flow of
730 cusees at an altitude of 2,500 feet above
sea level, considerabie further use can be
made of this as it flows to the sea. Although
the possible site at the Bushmans confluence
has not been exsmined, it is believed that
the {otal civil works here would not exceed
the costs for the Colenso installation. These
works still further increase the water avail-
able and it is not unreasonable that a
scheme making use of the full flow of the
river below the confluence of the Buffalo

river can be built for not more than £18
million, which would result in halving the
costs_of generation. If this site is still
sufficiently far upstream, it is not inconceiv-
able that other falls could be made use of,
cither by means of tunnel or canal devia-
tions, again making use of the water at very
low cost. 1t is, therefore, quite possible that,
having done most of the regulation
upstream, the sites on the lower reaches of
the Tugela could produce power at a cost
considerably less than the present thermal
stations, and possibly at u cost comparable
with a station the size of Ingagane, buili-on
a coalfield.

Even with collieries immediately adjacent
10 the power station, the output is very
much dependent on a large labour force,
a&m 'I'lle coal iL;cl‘ijs u wasting asset. Neither

these two disadvantages are present in
the case of a hydro eluclrfpﬂwer station.

10. COMBINED OPERATION OF
HYDRO AND THERMAL PLANT.
(i) General
From one poinl of view the tion of
a hydro station is considerably less
wm&I'i:camI than that of a thermal station.
In latter there are boilers with their
requirements of make-up water and coal or
oil, and high speed iurbines with their
accessories and cooling water.
items of plant make the starting up and
shutting down of sicam turbines a com-

*64% interest and redemplion over S0 years plus 1% fo operation and maintenance.
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pﬂmuw:ly lengthly proces. Hydro turbines

the other hand are dependent merely on
Ihe opening and clﬂsmg of valves, and
althwgh not quite as simple as turning on

a tap, it is a go e S
shut-down a water turbine than a steas
turbine. On the other hand the pmper
operation of a larger reservoir or series of

rs needs careful study and constant
review,

This feature of greater flexibilily in a day
10 day operation is the hasic reason why it
can be advantageous to have both ty)
plant on a system. Tt means that the hydro
plant can in general ed 1o meet the

peak requirements of the daily load curve,
wlule the (hanmai_rghm can supply the
sieady base load. is form of operation,
saving the costs of bringing up and hanking
of boilers, plus the necessity of having
thermal machines running for some time
before they are actually required, could well
result in an improvement of the operating
efficiency.

In South Africa, the seasonal va n of
the rivers is such that storage is essential
for the ﬁ@ndnumn of electric power, This
means that it will always be practical 1o
run 4 comparatively large amount of plani
for a short time, drawing the available
water off at a high rate for this time, and
using the rest of the daily {or weekly) cyele
for replenishing the storage. Farlier in this
paper | have stessed the utilisation of the
lotal e output of the water resource,
but this output can be used at a high ratc
over a short time simply by installing more
ﬁhm and larger pensiocks, By running

ydro plant at a low load factor (many of
the Scottish Hydro Board stations run at a
load factor of 20% or less), the capital cost
pﬂ' kilowatt available can be considerably

When the pre-cxisting system is pre-
dominantly thermal, it will usually
preferable, for the reasons stated above, 1o

g
lmwer greatest installed_ capacity,
the lowest hrm luld lwor which the
system can accept in conjunction with the
more or less fixed amount of energy. This
Iarge installed capacity will alo permit of

the use of flood water which would other-
wise be spilled and thus additional energy
can be produced at certain times, saving fuel
costs on the thermal stations.

(i) Practical Operation,

Figure 9 (a) shows a typical annual load/
duration curve representing a sysiem having
an_annual load factor of about 509.

If this load has to be met by thermal
plant alone, machines will, so far as
possible, be brought into operation sequen-
tially in ascending order of their fuel cost
per kilowatt-hour sent out. erally
results in the oldest and least economical
machines running on peak load only.

It is not possible however to achieve the
theoretical optimum use of plant in pract
factors such as reduced availability of base-
load plant, lack of flexibility M thermal
peak load plant, transmission limitations
and operating difficulties (such as the
tendency to run up the peak-load plant
sooner than is necessary, or even completely
unnecessarily) result in the les
stations generating more than their theo-
retically desirable quota, and the more
efficient stations generating less. Fig. 9 (a)
has superimposed on it the blocks of encrgy
generated by different plants grouped in
order ul Iuel costs per_kilowatl-hour sent

n be seen quie clearly he
gl b i being run to meet
the upper 40% of the demand produce con-
siderably more energy than the theoretical
aptimum.

Consider now the same load/duration
curve with a portion of the energy available
from hydro sources, Assume that the total
hydro energy nvmlable is a relatively small
pmpm’(lon of the total system requirements,

as would be the case wun Imost i any hydro
dev&luﬁm:nl in South Africa. means

that the installed capacity of lhe hydro
plant coukl be determined independently of
the load. The hydro station could be built
s a base-load plant, operating at an annual
load factor of I(X)’%. or the {otal block of
energy could ocer i' any position. on the
doad curve, ulnmalcy operating entirely as
peak load plant. Three possible positions
are shown in Fig. 9 (b), each of the hatched
areas representing an equal quantity of




!
!

Positi " represents base load

ﬂAm upmaimg at loo% load factor and
ving a total installed capacity of X" kilo-
watls. Position ‘B regwsenls plant. opﬂa(-
ing at a load I'um.oruf e% the installed
capacity now being 2x, while Position ‘C’
mpmmu plant opcmmg at a load factor
. i, an installed capacity of

L ibly be found from a

nl:mliod Eﬂndyp::slhc system conditions and
the costs of the hydro rlum that it appears
advantageous to supply the upper energy
requirements m sources,  This
conceivably could ru I m phm utilisation
5 dutoste Owing 1o its
greater flexibility, Lﬁn h;.dm plant can be

&9

brought into service (and taken out) more
efficiently than steam plant which results
in a closer approach to the theoretical
ofu'mum plant operation over the portion
of the curve supplied by hydro plant. This
means that a greater proportion of the total
energy reqmml x\ I:h o be !upfllui by
the more plant,
resulting in yml.:r nveral sﬁcuency and a
reduction of system cost.

It must be emphasised that there are
many factors which determine the optimum
integration of hydro and thermal plant on
a common system. The basic consideration
must, in most_cases, be costs, influenced to
a greater or lesser degrﬂe by the physical
arrangements of the system, operating con-



ditions and the load characteristics. The
cost of hydro power depends fundamentally
upon physical factors - topography, geology
and hydrology — which are not subject {0
human control, It is, therefore, not possible
to determine the cost of hydro power from
general  experi of what has been
achieved elsewhere, since this cost depends
upon the extent to which the site favours
economic exploitation. In the last analysis,
ay be said that the miaximum per-
missible cost of hydro power is determined
by the cost of producing equivalent power

i some other source, and it is this
criterion which will determine the practical
level of hydra development.

11. CONCLUSIONS.

The object of this paper has been to
endeavour - show that waier as & source
of elect iven serious con-
sideration m South Africa. There are
undoubtedly resources that are worthy of
detailed investigation, it is, in the
P f the author, probable that a
certain amount of hydro power will be
found to be ccmmm;mlly beneficial 1o the
present electricity supply

Apart from the basic economic factor of
cheaper electricity, there are other h=ncm-
(o the community as a whole which it is a
well 10 consider. Hydro power in %ruth
Africa means regulation of river flows and
«conservation of water. This, as everyone
knows, is one of the major needs of our

And lastly, water power, unlike coal, is
not a_wasting asset, it is being constantly
replenished year after year in o never ending
energy cycle,
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The Application of "Aud

-frequency”

Remote Control on an Electricity Supply
Undertaking's Distribution Network

By
1. K. VON AHLFTEN, BSc., B.!

(Eng).

TOWN ELECTRICAL ENGINEER —
SASOLBURG

L. INTRODUCTION :

Ever since the development of the town-
ship of Sasolburg in 1952 the large increase
in the cost of distribution equipment over
recent years has set the problem of keeping
the capital investment within reasonable
proportions to the energy handled. so that
electricity could be supplied at an economic
tarill o consumers in this new town that
was to be associated with the Union's first
Oil from Coal project. Furthermore, as it
had been ided 1o establish an all-elec-
trie township, the question of reducing the
peak demands on the electrical distribution
system on account of the present day high
maximum demand charges had to be con-
sidered.

It was, therefore, realised that some means
of controlling the load on the distribution
system which would enable the reduction
of system peaks withoul decreasing the
revenue earning cnergy sales, would be of
immense value. Subsequent investigations
established that such a method of control
had in fact been in existence for some con-
siderable lime, which is commonly known as
load or ripple control, This control is
achieved by injecting signals into a distribu-
tion network which can then be absorbed by
signal sensitive relays installed upon the
consumers’ premises, which will carry out
any required swilching operation by Briefly
disconnecting those circuits which could be
controlled during the peak periods.

A consuming device which most readily
lends itself {0 being controlled in this manner
is undoubtedly the domestic water heater

which is to be found in practically every
modern home to-day and which accounts for
quite a considerable amount of the total
clectric energy consumed upon domestic
remises. In the case of Sasolburg it was
established that approximately 33% of the
total load taken during peak periods was
accounted for by domestic water heaters so
that the control of these could therefore lead
1 a substantial reduction in the peak
demands on the distribution system.

In addition it was realised that various
other applications exist apart from the
business of keeping the load dewn which
could be performed with this equipment, &
typical example of which is the remote
control of strectlighting installations with the
advantage of considerable savings in cable
costs.

A thorough study was therefore made of
the various methods available to control the
load on a distribution system and aud

uency remote control equipment was
eventually introduced towards the middle of
June, 1959, 1t will now be the object of this
paper o give an account of the various
factors which led (o the choice of the par.
ticular system employed and the general
effect load shedding has had upon the dis-
tribution system as well as the consumer, Tn
addition, operating experience and 501
other applications of the remote control
system may be of interest.

2. REMOTE CONTROL SYSTEMS
IN GENERAL :

Before it was decided to install a remote
control installation, investigations established




that various methods of load control are in
existence to-day, and that certain essential
requirements had to be fulfilled before such
a system could be justified under present day
conditions.

(2.1) Requiremenis of a Remote Control
System

 Briefly these requircments are the follow-

ing:-

. The system must possess @ multiplicity

of control channels to allow the con-

trol of a number of various consuming
llcvsm:h and other equipment.
The system must have sufficient range

1o exiend fo the geographical limits of

the distribution network.

. The system must be insensitive to
extrancous interference and network
disturbances,

. The system should not interfere with
ather services such as tdcphon: radio
and television, nor imy limita-
tions on the mumpulmen of lhc power
system.

The ﬁy:tem should hc flexible; in other
words, should not be tied down to a
fixed pmgrsmllle
And, finally, the most im)
of all, the total annual cost of the
remote control installation must be
small in relation to the monetary value
of the peak loads and capital invest-
ments saved thereby.

It was therefore, important to compare
these basic requirements with the various
control systems which are in use at present
in order 1o establish which system woul
prove 1o be the best for the duty required in
Sasolburg.

(2.2) Various Methods of Load Control,

‘There are a number of system which have
or are in use to reduce peak loads and
these include the following:
1. Multiple tariff metering.
2. Time switch control,

3. DC. Signal tranmission through the
low voltage network.,

i
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4. Audio-frequency signal (ransmission
through the distribution mains.

Although multiple tariff metering is not in

general use in South Africa, they have
enjoyed ’gmu pularity in . Asa
means of reducing peak loads however, the
system sulfers from  inflexibility and its

reliance upon each in consumer
seeking his own cconomic advantage at ..I|
times. On the nlhcr hand it does appea

that the possibility using muluplc
tariff metering in comunchon with a remote
control system whereby the energy consumed
by the domestic storage heater during any
peak period can metered separately,
Whnlhc{ this would have the same effect as
would be the case with direct control seems
unlikely as the extra cost of a double taritf
meter has to be taken into account. By this
means, however, flexibility of the switchi g

rogramme could be achieved in a mu
tarifl metering system. It would have bwn
of interest to mmu?me this possibility
further but unfortunately this means of con-
trolling the load has not yet been tried out
in practice.

Time switches have given very long und
valued service in the task of x‘al]m:mgit
loads but time switches without clockwork
mechanism are vulnerable to all breakdowns
in in power supply, whereas time switches with

lockwork mechanism, though reliable, are
cxpermve In addition they can only operate
to a fixed programme and through one
channel so that maintenance and adjustment
Lu;:\- on time switches will tend 1o be rather
i

A pilot wire n:lwuxl. iur the control of
peal s can hardly be given thought
to-day as the cost of installing and main-
taining such a system must be geographically
just as extensive as the distribution network
and would impose an insuperable obstacle
for most Electricity Supply Authorities,

The transmission of D.C. signals through

the neutral of the low voltage network which
as been extensively has the serious
disadvantages of being limited to one signal
channel and that a great number of injection
points must be provided. Unless an addi-
tional superimposed control network is pro-




vided this system can also only work 1o a
fixed programme.

Turning finally to the principle of nudio-
frequency injection it was observed that it
can meet all the requirements mentioned
above. With proper design the provision
of a multiplicity of control channels is casy,
the audio-frequency impulses can be trans-
mitied to all points in the network to be
controlled, the energy of the control signal
can be kept well below the level liable to
cause interference to_telephone, radio and
television equipment, The system can further
be rendered practically immune to exiernal
sources of interference whereas the flexibility
of the system is undisputed.

(23) Audio-Frequency Remote Control.

Briefly the principle of operation of audio-
frequency injection is as follows.

The centralised remote control installation
comprises injection equipment ed a
some central point, the function of which is
to inject audio-frequency impulses through
@ coupling circuit into the distribution net-
work.

cse signals are then transmitted
through the power disiribution network 10
the audio-frequency sensitive relays. one of
which is connected between the 220 volt
phase and neutral of cach circuil 1o be con-
trolled on the consumers’ premises. As an
examination of the different systems of
audio-frequency remote control will indicate,
many different principles exist, the carliest
of which was the multiple frequency system
in which every different command whether
ON or OFF, was allocated 10 a different
frequency and detected by a series of
frequency sensifive elements in the receiving
relays. As the number of separate channels
available was limited by the few frequencies
which could be transmitied without mutual
interference, this method of injection even-
tually fell out of favour.

Anather system consists of a single audio-
frequency carrier, modulated with & number
of various low frequencies, After
detector stage these act upon a number of
frequency sensitive clements in each relay
but for mechanical reasons, the number of
different channels which could be controlled
in this way is very limited,

73

A radical departure from the foregoing
principles, however, was the adoption of the
Selector_principle, the most significant of
which is the “impulse interval™ system in
which a start impulse causes the mechanical
selector in the relay 1o stari rotating. To
switch on the loads in the various channels
further impulses are transmitted at definite
intervals after the start impulse, the length
of the interval determining which channel is
10 be switched ON in each case, which meant
that a multiplicity of control channels could
be allowed for.

It was therefore decided to install “audio-
frequency” remote control cquipment in
which the “Selector principle” was adopted,
as it proved to be the best for the duty
required in Sasolburg and the least likely
1o cause inconvenience o the consumers.

(24) Basic Features of * Audio-Frequency'"
Remate Contral Design

It was interesting to note that considerable
differences exists smong manufacturers of
tems, regarding the pre-
frequencies of al  injection.
‘Whereas in certain continental and UK.
systems the trend was towards the lower
frequencies, general opinion seemed [0
favour the following:—
. High injection frequencies preferably
between 750 and 1600 c.ps.
. Parallel injection at the main busbars.
. Injection at the intermediate volage
level.

-

Decentralisation of transmitters when

necessary.

. The view that remote control installa-
tions, being a subsidiary installation,
must b designed to operate su

faclorily irrespective of any switching
or inicr-connecting operations  that
might take place in the network.

The choice of frequency may vary between
very wide limits as  the transmission
charecleristic: of a netvork can vary and
experience has showm that an oplimum
frequency usually exists for any given n
work. Cables and pover factor correcti
condensors represent shunt connected capaci-
tive impedances at audio-frequency so that




if their capacity is large enough these shunt
connected mmponcvm can dmln away a

fev s there i usualy only one ransforma-
tion Emm the ie HT level and the
is Iowm' at the lower

arge the.
energy and Ih:r\.hy seriously reduce the
signal voliage. On’ the other hand again

the impedance of overhead lines and trans-
Eormeh rises in proportion to the control

-y which means that signal attenua-
tion Awer !ﬂng lines and through transformers
would be greater at the higher frequencies
than at the lower ones.

The fact that the propagation character-
istics of a network are better at the lower
frequencies than at the higher ones, is how-
ever alone not sufficient 1o justify the choice
of a lower frequency because the problem
of power factor correction condensors which
will drain off an excessive amount of energy
al any frequency, can be overcome by the
use of series connected audio-frequency
chokes, the size and cost of which is very
much lower at the higher frequencies. There-
fore, only after a thorough survey of the
network charac ics has been made can
a sound decision be taken regarding the

be adopted for the remote
control installation. However, the most
mlpurllm! consideration in dem-mmmg the

frequencies. This all means then that a
rger and more powerful and expensive
transmitter has to be installed.

The degree of centralisation will depend
upon the natural growth of the network and
whereas the provision of additional high
voltage own transformer stations is
eawly predictable, the extra high voltage sub-
station is usually only increased in size,

ich makes the problem of extra high
voltage injection more complicated and
expensive on account of the possible losses
in- signal strength. Therefore, if or
11 K.V. injection is adopied additional
transmitting plant can easily be installed in
cach stepdown transformer station thus safe-
guarding against loss in signal voltage and
possible”interferences at the remote ends in
the network, with the added advantage that
the capital outlay is kept within sensible
proportions to the expansion of the nelwnri
3. THE SASOLBURG REMOTI

CONTROL INSTALL. ATION

The following is & short description of the
Sasolburg

injection frequency level i
problem which will be dmumd in detail
later.

The location of transmitters will depend
upon whether the signals are injected in
the low vullagp (380 volt), the intermediate
voltage, (6.6 or 11 K.V.) or even the extra
hlgh mnnge Jevel, Tie injection at the low

will only be an economic

gmw uun m small towns whereas injection
into the 11 K.V, network at each stepdown
transformer sub-station is the preferred
solution, uml is the method which has been

Sasolburg installation,
Although m;eumn at the exira high voltage
level may at first scem attractive hecause of
economy on transmitting stations, the serious

{3.0) Mjection Equipment:

The method of injection nnmlnlly adnpled
is cither series injection or parallel n.
In the case of the Susolburg umnh. wmml
installation parallel injection was adopted.
In the case of parallel injection the coupling
circuit is connected on a 3-phase basis
between the main 11 K.V. busbars and
neutral as shown on the principle line
diagram Fig. 1.

The main components of the parallel
injection equipment are the insulating trans-
former T, the condensors C, and the tuning
coils L, and all are mounted together in a
coupling cell or cubicle in the manner shown
in Fig,

disadvantage is that signal will
be eater st wn (ransforma-

fons, ic, from the EHT to HT and from
m HT to LT Ievel are eacountered and
may insufficient  voltage at the
receiver, unlm 4 high signal voltage at low
frequency is chosen. This again will mmm
loss in energy towards the extra high voltage
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Fig. 1
PRINCIPLE LINE DIAGRAM.

' COUPLING CELL FOR PARALLEL INJEC-

INSULATING _ TRANS.
PLING CONDENSORS
NG COILS (centre).

TION.  SHOWING.
FURMER. [t o001
(rear)




ToMMAND

RECEIVER

0 /220 ¥,
LT NETWORK

TS A—

Ky
ED 1w NETWORK

FIG.1. PRINCIPLE LINE DIAGRAM.




The tuning coils are provided with tap-
pings .llluwmg their ud]uillv\ml s0 that the

induced e.m.f. of mz  simal generator works
Sioe mpdance
uaider pormal foll network load, The.iasits

ting transformer is also fitted with lappings
allowing variation of the signal strength
voltage to suit the degree of atienuation
actually encountered in the network.

The audio-frequency energy is pnumu
Rl gl b AL )

The control manl m.mrpunuc\ WO auto-
matic star/delta mo s for the two
convertor sets, a ull\lpul-l in cAbiist whigh
allows the selection of either convertor set
for_automatic operation and an impulse
cabinet for transmitting the .nudmr requency

als 10 the secondary side of the insulating

transformer for super-impasition on the 50
eyele voltage of the distributing network to
be controlled.

The audio-frequency power of each con-
vertor set on the Sasolburg system is 5 K.W.,

Fig. 3,
TWO CONVERTOR SETS OF S AUDIO-
FREQUENCY POWER EACH AND CONTROL
RD.

which is sufficient for a network full load of

7.5 M.W., the second convertor set at present
being used only as a standby unit. Should
load however, reach 15

the network full
M.W., both sets can be put into operation (o
abtain increased audio-frequency power with
the increased network impedances. i
tional convertor sets can of course be
installed in future when required.

(3.2) Control Equipment:

The fully automatic but very simple cop-
trol panel is as shown in Fig. 4 and is built
in next to the main-subslation control board.

The control panel or command unit
designed for transmitting 22 different double
commands, cach double command allowing
a consumer group 1o be swiiched both ON
and OFF repeatedly, as often as desired. The
22 manually operated control switches have

N, OFF and AUTO-

e manua
N (0 the OFF
for example, the convertor sets are started
and impulses injected in accordance with
the sciting of A trol swilches. Thus,
every timé the transiiting plant goes into




THE CONTROL PANEL

Fig. 4.




operation not only is the required command
changed but also the commands already
given in all other channels during previou
transsmissions are confirmed, This is pa
ticularly valuable during breakdowns in
power supply in sections of the network in
case the injected pulses were not received by
receivers in the affected section.

The time required for transmitting all er
any combination of the 22 double commands
amounts o three minutes. Whenever the
control switches are sct 1o AUTOMATIC

a buil rogramme clock will take over
1hc functions of the manually operated con-
trol switches. The drum has 23 parallel

groues in which pins corresponding to the
ignals can be set which then
.n.llnm.\ ly ate  micro  swilches in
parallel with the manual switches, whereas
Teceivers in the control panel supervise the
correct (ransmission of the commands over
the entire network.

(33) The Receiving Relay:

The electrical diagram of the Receiving
Relay, which can be considered as one of
the most important components in 4 remote.
control installation, is as shown in Fig. 5.

Fig. 5 shows the electrical diagram for L!lt
romote control relay. L, C, L.
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represent the components of a double stage
band filter with inductive coupling between
the two ctions. During an audio-
frequency impulse, the output of the second
stage is rectified and charges the condenser
(6), the voltage of which rises exponentially
with time. Once the ignition voltage of the
glow tube (7) has been reached, the con-
denser (6) discharges through the auxiliary
relay (8). When the rclay armature (28) is
attracted the support for the plate (17) is
removed, and under the tension of the spring
(18) the starting contracts close, thus con-
necting the 220 volt a.c. supply 0 the small
synchronous motor (20). In this manner the
selector mechanism starts to rotate, the
motor remaining under voltage until a com-
n

plete revolut has been performed, at
which point the starting contacts open again
automa . At the instant at which the

starting contacts close and the motor (20)
starts, the probe contac also close. Every
me the follower (24) passes a tooth of the

a short period. Normally
glow tube (7) and resistor (9), thus shori-
Ccircuiting the condenscr (6) through the
auxiliary relay (8). Every time the probe
contacts open however, this shunt is removexd
and voltage can build up on the condenser
(6) again, provided of course thal an audio-
frequency signal is being received ai the
terminals during that period. As soon as
the probe contacts close and the shunt is

ied, the condenser discharges
violently through the relay (8) attracting it
once again and causing the plate (17) to be
rotated by the fension of the spring (18).
Every time this oecurs the plate (17) closes
mechanically any rclay switch connected 1o
the relevant channel.

Therefore the presence of an _active
impulse will start the relay and switch on
the relevant channels whereas the absence
of an active impulse will switch OFF the
required channels.

Fig. 7 represents a typical signal trans-
mission series in the impulse interval system.
Each pulse represents the superimpos
of an audio-frequency voltage of constant
frequency nm;ﬁne intermediate voliage net-
work. In Fig. 7 the control impulses would
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switch ON the loads allotted to channels
2, 8.9, 12, 16, 17 and 22, whereas channel
0 represents the start impulse for ALL
receiving relays. The very important inao-
vation which has been made on 4
is that it is not necessary 1o have a

separate

Fig. 6
THE REMOTE CONTROL RECEIVING



channel for the ON and the OFF signals,
for any given load group. If ¢
load is to be switched ON or
switched ON an audio-frequency impulse is
injected into the network at ‘the correct
interval afier the siart mlpukc If, on the
other hand, it is desired to switch a load
OFF or (o leave it switched OFF a pause
is_made al_the correct interval ufter the
initial start impulse. The “impulse interval™
system as normally executed can, therefore,
allow 22 DOUBLE COMMANDS in each
transmission, i.¢. 22 different load groups can
be switched ON or OFF as desired. If the
transmission of a very large number of
dauble commands should be required, then
each transmitting unit can hczsucmled to be
capable of transmitling hundreds of
double commands by \.imply fitting further
control panels.

(34) Insiallation of Roeeiving Relays on
Consurers Premises:

As it had already been w0
introduce  load shuddmg equlpm:m as far
back as 1952, the actual installation of
receiving relays on consumers premises was
fairly simple due to the following reasons.

1. As practically 99 of all the dome

consumers in Sasolburg have domestic
water heaters installed all consumers’
main boards are wired with the
necessary loops for the installation of
recﬂvmg rehm

The pply  Regulations
pcnl‘llll'lplad in 1959 g-w the right (o
the Supply Authority to install receiv-
ing relays on all water heater circuits.
3. The receiving relay is supplied com-
f,’m with mnpl= mmmllllg
allows

1015 minutes per receiving relay, which
meant that the insiallation of relays was
done very expediently

As  the distribution system
ordinary 3 phase 4-wire underground mains -
and single phase service connections have
been arranged 1o all residences with the
same number of houses on each phase,
good overall balance on the distribution
Sysiem is obtained. The receiving relays
have now been divided into eight channels
and it is therefore possible to shed the water

eater load at one- of the total con-
nected load on the operation of each indivi-
dual channel with equal affect on each phase
of the distribution system.

(3.5) Testing of Receiving Relays:

A very simple but effective portable relay
testing unit has been supplied together with
the equipment which makes the iesting of

relays before being installed or
i g service a very simple matter.

This testing unit consists of a valve-
generator w capable of producing the
required injection frequency current together
with a control unit which can simulate any
operating sequence normally executed by
the master control . Receiving relays
are therefore tested and set to the required
channel before being put into service which
eliminates the possibility of a faulty receiv-
ing relay being installed. Furthermore,
should a receiving relay fail in service it
very simple matter to test the relay on site
without the necessity of having to remove
the relay.

These are important features of an audio-
frequency remote control installation as the
testing and mmm:nswe:él receiving relays

wa

or removal of a receiver by simply
attaching or removing the (op relay
cover screw.

Figure 8 shows a drawing of the standard
50 amp. Main Board installed in dome:
premises capable of serving an all-<lectri
home, and the position of the receiving relay.
As a fotal of 1523 receiving relays had to be
installed on all existing domestic water
heater circuits, the actual time necessary (o
carry out the work was approximately

should , an
has shown that existing staff employed i m a
standard testioom can very easily cope w

this kind of work. I therefore feel that ‘he
argument raised in the past that special
trained staff and equipment is necessary (o

Fig, 7
| GRAPHICAL = REPRESENTATION OF A
SIGNAL _TRANSMISSION. — ORDINATE

INJECTED AUDIO-FRECUENCY CURRENT
ABCISSA : [IME.
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SO AMP _SINGLE-PHASE DIS Elﬂg N _BOARD
INCORPORATIN

RECEIVING RELAY

suceessfully operate and maintain a remote
control installation can be discarded with
present day remote control equipment,

4. OPERATIONAL FEATURES AND
EFFECT

The m important aspect of remote
control npermlun is undoubtedly the inter-
ference problem and its effect upon the
uuecuon rrequm:y of a remote control

(4.1) The interference Problem:
Interferences that may be encountered
with andltplmlumy control are basically

inierference voltages which can be of the
following types,

(i) The semi-stead Mk interference

voltage in the tension network

which rarely =md! the level of 0.4,

(i) Surxt-lnku interference  voltages of
many volts amplitude with exponen-



tially decaying audio-frequency com-
ponents, These are mainly due (o the
connection and disconnection of load
and transformers, or o paralleling
operations and lightning surges.

Trains of interference surges similar
to the second class due to repetitive
sources ond other devices connected
through poor conticts of (0 mercury
arc traction rectifiers which may
become cumulative to the point of
causing operation of the receiving
relays.

Possible spill-over signals from neigh-
uring networks which may be con-
trolled.

(iv)

To eliminate the influence of semi-steady-
state interference voltages the receiver acls
as follows. It has already been shown in Fig.
5 and description of the electrical diagram
how an audio-frequency signal starts the
receiver by inducing resonance within the
double frequency band filter then by being
rectified and charging the condenser (6) 10
the point where the ignition voltage of the
glow tube (7) is exceeded. Now, if the filter
output voltage remains constant the voliaj
across the condenser (6) rises exponentially
to the changing time. The receiver has now
been designed such that if a signal of enly
LO volt is applied Lo the input the time
required for the condenser voliage 1o attain
the ignition voltage of the glow tube is only
five seconds but on the other hand, with an
input voltage of below 1 volt of say 0.9 volis.
the ignition time approaches 60 seconds. This
design feature therefore, completely elimi-
naies the ibility of relay operation from
semi-steady-state interference voltages.

Surge-like interference voliages on  the
other hand, may reach 100 volts in amplitude
but these are usually only of about 10 milli-
seconds duration. Even if the energy
level of these signals exceeds 100 mWs
(which Is the energy necessary for an
authentic audio-frequency signal 1o cause
operation of the relay) the non-linear resistor
(9) with its sharp cut-off at 4 or 5 volis
severely limits the voltage finally appearing

across the secondary terminals of the filter
circuil and thercfore offers full protection.
This voltage usually occurring as it does for
only 10 milliseconds or so is insufficient 10
charge the condenser sufficiently to start the
recciver.

In the case of repetitive surges the non-
linear  resistor catly reduces the
amplitudes of the initial peaks of cach surge
having the effect of draining off the con-
densor charge during the intervals between

individual surges in the train which
normally arc of only a few milliseconds
duration. This then prevents the trains from
becoming cumulative to the point of causing
relay operation. In addition cvery transmit-
ting plant is provided with standard protec-
tion against interference voltages and
possible spill-over signals from neighbouring
networks, consisting of a two-way contractor
for control purposes incorporating  an
absorption circuit. In its rest position this
contactor connects the 11 K.V. sub-station
busbars to earth through the coupling circuit
and an additional tuned coil which are all
tuned o resonate at the required audio-
frequency injection frequency level. This
means that any interference voltages or spill-
over signals a\)pearing close to the injection
frequency level are effectively short-circuited
whenever on active audio-frequency signals
are being injected or during pauses between
actual impulses. And finally as will be seen
from the graphical repersentation of a 1szicnl
signal (ransmission, the long impulse dura-
tion of 7.5 seconds leads 10 the receivers a
control energy which lies far above normal
interference levels.

In the case of the Sasolburg installation a
thorough initial survey was made (o deter-
i correct frequency for injection
which showed the optimum frequency (o be
in the region of 1050 ¢,p.s. No interference
voltages of xn{ magnitude were detected
when the initial survey was made but it
of interest to nole that subsequently a signi-
ficant interference voltage at 1150 c.p.s. was
detected 10 the point of becoming cumulative
and causing y operation. A subsequent
survey brought to light that this steady inter-
ference voltage originated from mercury-arc-
traction rectifiers installed on the SAR.
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Electrification system when these were com-
missioned some  months later.  These
mercury-arc-| Iran.llnll rectifiers are being fed
from the same 88 K.V. circuit feeding the
Sasolburg nelvmrk and are situated only
some 4 to 5 miles from the Sasolburg Main
Stepdown Transformer Station. As a single
frequency  absorption circuit  had  been
supplied which was mostly effective in
absorhing interference voliages at 1050 c.p.s.
interferences from the 1150 c.ps. fmqumry
level was appearing close to 1050 ¢.p.
the point of causing relay operation, A g.hl

fication to the absorption circuit had
therefore to be made and by fitting
additional small condensers into the tuned
tln’.‘\lll dcuh!c frequency absorbtion was
that any interference voltages
mlhm lhem limits could be absorbed as
well,

Nu further trouble from interferences has
since been upcmmed in the network but
from the foregoing it will be realised that
possible mwdc:cnm that may be encoun-
tered in a distribution network are the most
important factors when determining the
injection-frequency of a Temote control
installation. Furthermore a flexible absorp-
tion circuit that can be adjusted at no large
expense is essential for an audio-frequency
remote control _insiallation so thal any
possible future interference voltaj n be
rendered harmless and trouble free opera uon
can be achieve

(4.2) Effect on the System Load:

It is of interest to detail some of the
aspects of the automatic control carried out
on domestic water heaters and street lightiny
in the Sasolburg nelwork  with \pn:ls%

are being controlled and the :ﬂecl rlm has
had upon the system load fact

Fig. 9 (1) to 9 (4) represent Uplcll daily
load curves for winter and summer months
on the Sasolburg system with and without
load shedding

‘These load curves are compiled from past
Winter and sumer loads actually recorded so
that the reduction in peak loads can be
regarded as fairly nﬂ;umi: The following

main data characterised the network under
control

transformer  capacity at
scpdown_transforer
station 7500 K.V,A.
(i) Rated load of domestic i} heatgrs
being controlled e

(i) Installed
the i

(i) Number of receiving r:l.ny( m('.nllu:l
on domestic water heater circyits
rﬂza
(iv) Rated load of domestic water Iu!.n
T receiver installed 24
(v) Rated load of street lighting !ysl
300 K.‘V.

From the daily load curves one can cleagly
observe the effect of the switching “ON™
and “OFF" of the domestic water heaters
and sireet lighting with the aid of remote
control eg,q:m:n( during certain times of
the day. The water h:mm are swilched off
during the morning and evening peaks as and
when required. Of the 22 double commands
that can be performed with the remote con-
trol installation the allocation of channels is
as follows: —

10 channels for domestic water heater
control;

2 channels for street lighting control;

3 channels for Bantu Township Supply
control;

7 channels are available for other appli-
cations.

The domestic water heaters are at present
being controlled by cight channels which
can be switched on or off in am dw!ed
group for load shedding purposes,

upon the number of Kilowalts that muﬂ be
reduced from the peak. During the nmmmg
peaks the water heaters are only switched
OFF when necessary and in this rcspm itis
of interest to note that the Sunday morning
peak is higher than for any other norma
we:kday As the load on the Sasolburg

em s purcly o s il
au-nunnu:d for by the fact that most con-
sumers have their stoves in use on a Sunday
morning preparing their Sunday dinners.

The maximum hourly demands recorded
during these Sunday morning peaks was as
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follows during the summer and winter
months:

Winter morning peak without load shed-

ding 43 MW,
Winter morning peak with load shed-
ding - 35 MW,
Summer morning peak without load shed-
ding 320 MW,

Summer morning peak with ma shed-
ding 6 MW,
‘Therefore, the switching off of the water
healcn. mulwd in a total reduction of 800
K.W. respectively which is

mriy 22.% and 17% of the total installed
water heater load. The water heaters are
switched on again in staggered groups wi
is necessary 1o avoid second peaks wi
may be far in excess of um recorded peaks
during the switch-off period, as it was found
that approximately (wn:c the total load shed
is restored when the water heaters are
The staggering of the switching ON and
OFF of the water heaters further results in
an_even period all water heaters are kept
swiched off which amounts to approximately
24 hours during the Sunday morning peaks.
water heaters arc switched off again
during the evening peaks but the operation
differs somewhat from that found suitable
for the morning peaks as all the water
heaters are not switched off in closely
staggered groups. The reason for this is that
experience has shown that if all the water
heaters are switched off in closely staggered
groups as is the case during the morning
peaks, then the last group can oaly be
switched on again’ after approximately 2}
hours if a second peak is to be avoided.
This, of course, immediately led to consumer
complainis of an insufficient supply of hot-
water during the evenings from the last
groups to be switched on again. The demand
for hotwater during the cvening peak is
therefore, much higher than during the
morning peak. A swilch-off period of
approximately 2} hours during the morning

k on the other hand, did not appreciably
affect the supply of hotwater io cause any
inconvenience as no  complaints  were
received,

As will be seen from the load curves,
the weekday evening peak is higher than
the weekday morning peak and control is
therefore meaml during the weekday
evening  peak. water heaters are
normaily switched off in three groups duhgg
the evening peaks. T ups are switch
off when the strectlights are switched on. A
third group is switched off when the first
group is switched on again. This allows the
irst  groups 1o stored again _after
approximately 1} hours switch-off without
creat agniosec

cmalmg a second peak. The third group is
switched on again in two stag:: which then
gw,« an even switch-off for all water
heaters of approximately lﬁ hours during the
evening peaks without creating second peaks

or causing any inconvenience to the con-
sumers. This method of control resulted in
the following maximum hourly demands
being recorded during the evening peaks.

Winter evening peak without load shed-

ding 47 MW.
Winter evening peak with load shed-
ding . 3.6 MW.

Summer evening peak without km:l shed-
ding . 4 MW.
Summer evening peak with load shed-
ding : i 26 MW,

Therefore, the switching off of the water
heaters during the evening peaks resulted in
a total reduction of 1100 K.W. and 800 K.W.
respectively which is 309 and 22.0% of the
total installed water heater load.

(43) Comparison of the Daily Load Curves
With and Withowt Load Shedding:

It is now of special interest to compare the
main data with and without load shedding
for winter and summer loads.



WINTER LOAD CURVE
Without load
ng

SUMMER LOAD CURVE
Without load  With Joad
shedding shedding

With load
shedding

Total energy sold over 24 hours 58,000 Kwh 58700 Kwh 43,480 Kwh 43,720 Kwh®

Morning peak loads 43 MW 35 MW I20MW 26 MW
Reduction in morning peaks 0.80 MW 0.60 MW
As % of installed waier heater

load 2% 17%
As % moming peak 19%% 19%
Evening peak loads 47 MW 36 MW 34 MW 26 MW
Reduction in evening peaks 1.1 MW 08 MW
As % of installed water heater

load . 30% 2%
As %% of evening peak 235% 25%
Daily load factor 51.5% 68 535% 0%
Mumm lond shed il receiver

? 525 KW A00 KW

Evening load shed per. receiver

installed 720 KW 525 KW
The evening peak load was therefore  sumers, In this respect T would therefore

reduced by an average of nearly 24%
whereas the morning peak load was reduced
by an average of 19%. To account for this
difference in load shed during the morning
and evening peaks the demand for hotwater
is greater during the evening peaks. This is
also shown by the percentage of the total
installed water heater load that is reduced
from the peaks during these periods.
Although tests have shown that at least 33%
of the total load taken during peak periods
is accounted for by domestic water 3
the reduction in peak load was only approxi-
mately 24%. This is due to the fact that the
waler healers are not swiched off for
unnecessary long periods as this will cause
inconvenience and lead to complaints of an
muuﬁ'icl:nl supply of hotwater from the last
groups 1o be switched on again.

The abﬂw method of control was however
found 1o give the maximum possible reduc-
tion in peak load without creating second
peaks or causing inconvenience ta the con-

suggest that the maximum period 4 domestic
waler heater of 30-gallon capacity should be
controlled in 24 hours during the morning

peaks and 1} hours during the evening peaks
whwh will allow ample time for the water
to reheat for later requirements.

“The important results achieved from the
foregoing loadshedding operation is however
that it was possible to reduce a maximum of
0.72 KW per receiving relay installed during
the winter months and 0. per
receiving relay installed during the summer
months.” As an average over on¢ year, there-
fore, a total reduction of 06 KW
receiving relay installed is achieved which is
approximately 2506 of the total insialled
water heater load. It is also known that
mme Supply Anmerm:s who operate load

edding have very much higher
figures per i ing relay installed but 1
think this may be due to cither longer periods
of control or to diversity of habits as it was
found that the higher the social standard of



living the higher the consumer's reduction
in load would be. The above figure of
0.6 KW reduction in peak load per receiving
relay installed is therefore regarded as a
fairly accurate average figure for the class
of consumer in Sasolburg. The avera
monthly load factor was about 50% before
load shedding was applied whereas the
the effectseffect of load shedding was an
improvement in the load factor (o an average
of about 63%.

(44) Effect Upon the Consumer:

As could be expected with any form of
control over a_ consumer’s free use of an
clectrical appliance, it was with some
suspicion that consumers at first accepted
the installation of recciving relays upon the

mises.

The first complaint came from a group
of consumers who had receiving relays
alled during April and May 1959, The
general complaint was that an immediate
mcrease in their electricity consumption took
place since the relay had been installed.
N to say, that as control was only
commenced towards the end of June, 1959,
this complaint soon disappeared, as it was
purely incidental that the installation of
receiving relays happened to coincide with
the seasonal increase in-electricity consump-
tion. Generally speaking however, the inci-

jence of consum er complaints has been
negligible. In this respect it was interesting
1o nole that in the few odd cases where a
complaint of an ins
water was received and it was
the receiver had not functioned correctly,
the consumer had as a matter of habit
8 off the supply to the water heater
circuit during the switch off period and had
left it off until th following morning. This
then naturally meant that the injected
signals could not be received by the relay
until late the following morning or evening
when the next series of impulses was being
transmitted, and the supply 1o the water
heater circuit had been restored. This could

course have been avoided by connecting
the receiver before the protective circuil
breaker or fuse direct on to the bushar but
this would have been contrary 10 the require-
ments of the Standard Wiring Regulations

and protection for the receiver is desirable.
However, as soon as the consumer realised
that this was not leading to any savings on
his monthly power bill, this practice secms
0 have ceased, as no further complainis of
this nature were received. Only in cases
where the consumer happens to drain the
water heater completely just before being
controlled would the interruption of the
supply to the storage heater circuit cause any
real inconvenience, as this means that the
consumer has to wait 13 hours longer for
his water to heat up again as would have
been the case without control. but I am of
the opinion that it is mainly due (o the
following reasons that no inconvenience or
change has been noticed by consumers.

1. There is ample hot water in the water
heater for the early i and
morning requircments of most house-
‘holders.

=

Control over morning hot water is
restricted to Sundays and on certain
week-days only.

. As the swiich-off period is restricied 1o
11 hours during the evening peaks there
is ample time for the water to heat up
again for laier requirements,

A switch-off period of 2 hours during
the morning peaks does nol appreci
ably effect the supply of hot waier as
no complaints were received in this
respect.

5. THE ECONOMIC ASPECT OF A
REMOTE CONTROL SYSTEM.

The economics of a remote control system
which is the most important aspect, depends
mainly upon the following two points,

The fact that the capital outlay and

running costs in providing a supply of

electricity can be  redu mainly

use the load factor of an electricity
supply system can be improved if
sufficient ~ electrical apparatus  exists
that can be switched off during the
peak periods.

. The fact that with the aid of a remote
control system new  street lighti
installations can be made mm:uﬁ

as compared with a separale
pilot. wire or cable network

-

=

~



Tn most cases it will be found sufficient to
have only ane of these two main points (o
justify the capital outlay for the purchase of
n remote control system, but can obviously

be improved when it can be applied for both
points together.

In order 1o calculate the economic advan-
tages when used for the improvement of the
load curves the following information must
be available.

1. How many Kilowatts can be cut-off
from the peak with the aid of the
remote control installation?

What is the monetary value of the
kilowatts that have reduced from the
peaks?

o

-

. What is the average cost of installing

one receiving relay including part costs

the transmitting plant as well as
m\nm costs and extras?

The answer to question 1 will be found in
actual operating resulls obtained with the
Sasolburg remote control installation. As
was: shown carlicr on in this paper it was
possible o reduce an average of 0.
Kilowatis per receiving relay instalied from
the peaks on the Sasolburg network.
Although some Electricity Supply Under-
takings may have achieved a reduction of
more than 1 Kilowatt per receiving relay
installed, which is most probably due Lo
diversity of habits of the various consumer
ﬁ:oups and longer control periods, lhn lol-

wing economic calculation will be ba:
on 046 Kilowatis which is an actual ohmmnd
average figure.

The answer to question 2 is best illlus-
trated hy giving the actual effect on —

1. Capital Tnvestment, and

2 Runnmg“oom of the Sasolburg Elec-

mmly ppiy Undertakings distribu-

(5:-1) Effect on Capital dnvestment:

As mentioned previously a_substantial
inerease in the cost of distribution equip-
ment has taken place since Sasolbury was
developed in 1952, and an analysis of the
investment per kilowatt on the Sasofburg
network nsu!md in the following average
figures:

(1) Transforma
the HT. level and
underground LT, distribution €15 0 0
@) Tramformation from the H.T.
level to the and
ground LT, disteibution €35 9 0
TOTAL CAPITAL INVEST-
MENT PER K.W.

#5000

From internationally approved figures
which exist concerning the capital invest-
ment per kilowatt, the accepled average
figure “for distribution costs at present
appears 1o be about £85 per K.W. The above
figure of £50 per KW. can therefoce be

regarded as not too high under present day
miEn e e purpose o b toflow
ing calculation, comparison will be made to
this figure.

The cost of the Sasolburg remote control

m»(.llanun o g of transmi lant
1700 receiving relays is as folloves:
(1) Price per recsiving solay in-
Sloding Titation sows ©10 0
@) Part cost of (he ing
plant and all equipment Teluting
theret 260
(o) Cnnlmg.:m:lu o 40
TOTAL PER INSTALLED
RECEIVER 000

Each proposed new kilowatr installed on
the Sasolburg network will therefore cost
approximately £50. e other hand as
each mtwmg relay installed can reduce the

by approximaiely .6 K.W., this means
that for every 1.7 relays installed the peak
can be reduced by 1 K.W. As the cost of
[k oximately mon lhl: sav-
ing on capital invesiment with e con-
trol m|u|pm=m o dat Aot or reduced

£50 — £20 = £30. 0. 0.

In other . on any proposed new
cxtension of xhe distribution system about
£18 ins receiver will be speat,
As the above wlv:ulslmn is based on new
raised capital for investment, the actual
wlcullncm. when based on annual capital

s, will be as follows:




per annum
Interest and _redemplion por

annum on £50 per KW, o

investment capital
As one relay cun e

from 1

£17 9

Would mpﬁe x£3.17.9 which i £2 6 8
As the cost of the receiving relay including
its part cost of the transmitter and all extras
is £12.00., it can therefore be amortised in
approximately § years.
(52) Effect on Running Cosis:

The effect on running costs of the Sasol-
burg Electricity Supply Undertaking dis-
|nbucmn system is best illustrated by the

hic reproduction of the unit costs and
load factor for the past four years shown in
Fig. 10 together with the yearly load curves
as illustrated in Fig. 11.

1t must be observed that the steady rise in
total unit costs over the past tour yaln is
duse 1o tariff increases at the beginnin of

nm uu cl;nyol Electricity reached a maxi-
mum in the Sasolburg area at the beginning
of 1959. A further increase in the unit costs
was imposed by Escom. during April 1960
and during June 1960 a result of increased
coal costs at the Commission’s Generating
stations. In the following calculation of the
percentage saving attained in total unit costs.
these facts will therefore have to be taken
into account if a true comparison is (o be
made.

As will be seen from the Joad curves, load
shedding was commemed during June 1959
‘when nppmxumnuu relavs had been
As the installation |7f all 1523

install
ramvmg relays on water henler unnm was
only completed by the mber

1959, the calculations will be bm‘d un the
total unit costs after all 1523 receiving relays
had been installed. The average cost per
unit bought for the five-month from
J;mmy 1959 10 May 1959 immediately
10 load shedding was as follows:

043504
0.2180d.
5304,

Kilowatt cost per unil bought
Unit cost per unil bought
Total cost per unit bought

The subsequent reduction in total unit
cosls as a resull of the savings in Kilowatt
demand costs can be clearly seen from the
curves in Fig. 10. By the time the installa-
tion of all relays was completed the average
cost per unit bought with load shedding up
to the end of September 1960 was as
follows:

Kilowatt. cost per unit bought 3844
Unit Cost_per unit. Bovght 24134
Total cost per unit bought 57974

Therefore, the actual savinz on Kilowatt

demand charges per unit bought was as
follows:
Kilowatt cost per unn bought with-
out foad sheddin A3S0d.
Kilowalt cosl per ani Bought with-
load shedding 334,
Saving in Kilowalt cost per unil
bought per L oset
% Saving in Kilowatt costs per unit
bought = 2%

For a true reflection of the percentage
saving made possible on the total unit costs
the recent increases in the unit costs must
be taken into account, which will then give
@ total cost of .6763d. per unit boughi
without load shedding.

THE TOTAL SAVINGS MADE POS-
SIBLE per unit bought will then be as
fallows:

Total cost per unit bought without

shedding 5763,
Total cost per wnit bought with load
shedding 57974,
Total saving in unit cost 09660,
% Saving in total unit cost 14%

The possible savings on the Sasolburg
Electricity Su ly Undertaking’s clectricity
account for }nr 1960/61 based on an
=\um.-nad total” unit consumption  of
16,000,000 units Dcr :umum will then be
16.000,000 units per unit, which
is approxi Sk [6400 ‘A otal of 1,600
relays will b: installed o all water heater
circuits - before the end of the present
ﬁnxm.ml | year s0 that the anaual savings on

emand charges per receiver
malalfﬁ] will therefore b=£4 0.0. The annual
maintenance costs of the remote control
installution must however be taken into
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account to arrive at a NETT figure, and in
this respect the maintenance figure for the

remote control installation has been ba:
on five shillings per annum per receiver
installed.

(53) Maintenance Costs of the Remote
Contrel Installation:

As pointed out previously the consumer
complaints has been very low so that the
mainienance cosis of the remote control
installation and associated receiving relays
over the past 18 months has been negligible.
A few minor initial teething troubles were
however experienced but these were mostly
confined 1o faulty wiring in connecting up
the relay itself and could in any case not be
tied down to a fault of the relay or the
remole control installation itself. It is some-
times said that consumers will soon attempt
1w interfere with the operation of the refays
and that once the switching times are known
they will succeed in by-passing the operation
of the receiving relays. As the switching
sequence of the various consumer groups is
constantly being varied to suit the seasonal
demands” this seems very unlikely. Some
consumers have however tried to by-pass
relay operation by interrupting the supply (o

receivers during an impulse series which
naturally stopped the relays from operating.
Apparentl; idea was to restore the
supply again after the 3 minute impulse
series in order 1o retain a supply to the water
heater during the switch-off period. Unfor-
tunately for the consumer however this
has the ngﬂpﬂ.'.im desired effect, because the
receiver has been designed so that the
injection of an active impulse will START
the receiver and switch ON the required
channels where as the absence of an active
impulse will swich OFF required
channels. As the starting contact of the
relay is closed once the START impulse has
injected an interruption to the supply
does not open these contacts but only stops
the relay from operating. Restoration of the
supply after an impulse scries will therefore
set the receiver in motion again, and as
active impulses are absent, will merely
switch OFF the various channels. What this
in fact means is consumer will
switch off his controlled circuit in any case.
Only if the supply is interrupted before
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active impulses are being injected will it be
possible 1o by-pass relay operation but as
these times are conmstantly being varigd,
trouble from this source has not yet baen
experienced,

In view of past experience with the remegte.
control installation 1 am therefore of the
opinion that the estimated figure of 5/- per

nnum per receiver installed will cover pll
possible future expenditure in maintena

costs of the receiving relays a i
equipment. The nett possible annual savings
on maximum demand charges per mu}w
installed can therefore be taken as £3.15.0.

(54) Summary:
To summarise briefly then, the possible
NETT annual savings with a remote contpol

installation on both capital investment and
running costs, is as follows:—

(1) Annual savings on capital
investment per recsiver installed  £2 6 8
@) Annual savings on running
cosis per receiver installed £515 0
Total Annual Savings/Receiver
Installed = 18
e

It can therefore be concluded that &
remote control installation as applied to the
Sasolburg network with the actual obtained
reduction of 0.6 K.W. off the peaks per
receiver and a total cost of £12.0.0. per
receiver installed, will pay for itscif within
a period of 2 years.

6. OTHER APPLICATIONS.

(6.1) Remote Controlled Streer Lighting
Insallations:

Apart from its use as a means of shedding
the load during the k periods, the
financial savings that are possible when
remote_control equipment is also used for
controlling a street lighting installation is of
major importance.

Normally a street lighting installation con-
sists of a separate cable or pilot wire net-
work the control of which is supervised by
cither time switches, or photo electric cells
ete. The cost of such an installation on
account of the vast E}ensnphi_cal limits of
the Electricity Supply Undertakings network,
will tend to be rather high and therefore also
one of the main reasons why most street



lighting installations leave much to be
desired for. In the case of a remotely con-
trofled street hghlmg installation the cable
or pilat wire network can be dispensed with
in the following manner. The street light is
<onnected through a short length of cable or
pilot wire (o the nearest existing low-tension
main which is feeding either houses or other
low=tengion consumers. Em.h street light is
then equipped with a
remotely  controlled mu:wmg relay the
funetic which will be to automatically
switch “ON" s 'OFF" the street lights
at the reguired times.

The cross section of cables necessary for
a separate street lighting cable network will

have o be large enough to maintain sufficient
voltage at the end of the lines. On the other
hand it was found, that sufficient vol
could be maintained with a smaller cable
in the tee-off circuits from existing low
tension mains s the street lighting load was
small in relation 1o the system load and
could be evenly distributed over the entire
lowtension network  without affecting  th
cross section of existing low-tension dis-
tributors.

In the case of a recent new Sasolburg
exiension {0 the sireet lighting installation
the estimated cost of a_remotely control
system and a_conventional cable network
system was as follows: —

COMPARISON OF EXPENDITURE ON A
STREET LIGHTING INSTALLATION WITH AND WITHOUT REMOTE CONTROL

Without Remote Control and With
a Separate Cable Network.
Subsiation Control panel including (ime
guliches, Gantrol gear and sireet light
et
20,000 1. of cable @ 2/6 per i
20,000 fi. of cable laid @ 1/~ per It
125 Lighting standards @ £7.0.0.
125 Street light lanterns @ £3.0.0.
Pole ensction costs
Cable comnection costs

Plus Contingencies
TOTAL COST
COST/STREET LIGHT (SAY)

The saving per sireet light erected on an
underground remotely controlled street li
ing system (herefore amounts to + 3.
The full cost of the receiving relay and part
costs of the transmit lant has also been
proportioned to the street lighting installa-
tion so that the above comparison can be
regarded as fair, when the system is used
for AﬂIM load shedding and street lighting
ntrol,

Hmmar. it is interesting to note that if
remote control system is used solely for
mnu-alhug a street lighting installation then
the full cost of the receiving relays and trans-
mitting plant will have 1o be borne by the

With Remote Conirol and Without
a Separate Cable Network.

1600 feet of cable @ 1/6 per 1t - 2020
1600 feet of cable Inid @ 1/~ per ft. &0
125 Receiving relays @ £1204. 1500
12§ Lighting standards @ £7,0.0 875
125 Strvet light lanierns @ £3.00. £375
Pole crection costs £200
Cable connection casts 4 £400
£3550

Plis. contingencies S £350
TOTAL COST e e
COST/STREET LIGHT (SAY) o

street lighting installation. The transmitti
plant alone would cost approximately “.0‘:8
including all erection costs, spares, lesting
apparatus etc., which means that for a
minimum quantity of 275 receiving relays
the cost of the transmitting Tlnnl alone
would amount (o apy lum.urey £15 per
receiving relay instal fore once the
street lighting smgm is Juf =nm|3h m\d in
excess of sa; ?l street lights,
of a remotely cnnuolhd mmllmon almdy
nes a payable proposition.

As mentioned previously therefore the

wision of a remote control system can
g:“ful!y justified when used cither for load



shedding or for the control of a street
lighting installation, but when used for the
control of both however, the |u\||ﬁmmm for
the capital outlay involved is ately
improved.

The overall unit consumption
mmumy mmmllal street lighting m\nllu-
tion ulumuﬁh not metered separately, can
very easily be caleulated as the actual burn-
ing hours of all lamps are accurately deter-
mined by the switching times of the 24 hour
programme ¢ argument sometimes

raised against a_ remotely controlled under-
ground street lighting m\:nilutmn is that a

result of the subscquent high consumption
in eclectricity in this area a request was
received from the Hostel Superintendent
whether sométhing be done in this
respect. As the installation of time switches
with associated control gear or manual con-
trol would become unecononie because of
high maintenance and adjustment costs, it
was decided to investigate the possibility of
controlling the mpplv of electricity to tl

bungalows by stallation of receiving
relays direct onto lln: uupply mains. As the
receiver is rated at 25 Amps at 220 Volis for
pure ohmic loads and as the lighting load
per bungalow was only a Amps, 5

from

existing low tension undugnmm nains will
eventually lead to unnecessary interruptions
in the power supply to the consumers in the
event of trouble in the tee-off circuits. In
Sasolburg where normally 6 house service
connections are teed-off one single Jow
tension  underground  distributor mhlc.
experience has shown that during

of service no tee-ofl cable joint trouble has
been experienced apart from the occasional
damage 10 underground cables by other
instances when crossing these services,

As a result of improved cable jointing
practice and with correet su

rvision,
ing particularly
in view of the large financial savings made
possible thereby.

(62) The Application of a Remote Control
System in a Bantu Township: —
Apart from load shedding and for street
lighting_control run.her interesting applica-
tions of the remote conirol system were 10
be found in r,umm)lmg the supply of ele-
fricity in various. sections of he Bantu-
Township.
In the Sasolburg Banlu-‘ruwmhlp pro-
vision is made for the housim
(1) Unmarried Bantu's in Hualelx
(2) Factory Employees: in Compounds,
and

(3) Married Bantu's in married Quarters.
In the Bamu-Hnslcl area it was found
that the lights, in most of the
Bungalows and Ahlulum Blocks were never
switched off during the day time. As a

g could be controlled by one
receiver. This arrangement was found very
satisfactory and at present power is only
made available between sunset and sunrise
and is controlled from the central trans-
mitting station, thus eliminaling mainten-
ance and adjustment costs on individual time
switches. Consumption of electricity in this
area has since returned to normal.

In the Compound Area of the Bantu-
Township the Bantu Employees of the S.A.
Coal, Ol and Gas Corporation’s factory are
being housed.  Although a similar problem
confronted this section of the Bmmn ann-
ship regarding electric lights that
switched off during the day hmc m mlunan
here was not so simple. majc
of Employees housed in e, c‘mnpoumh. do
shiftwork” and as such make use of the
Quarters and Ahlunm Blocks at various
hours of the night. Therefore, a switching
programme had |.o “be determiined, and after
a survey was made of the actual times during
which a wpply of electricity had (o be made
avai the Quarters and Ablution
Blﬂckx. mmumg rtllyx were installed. It

imple matier o achieve
xny Sl oo required by the

Compound Manager by selecting the dkired
times on the 24 hour programme clock i »n the
central transmitting station. Furthermore, as

22 double commands can be transmitied

with this installation it was possible 1o
allocate the necessary channels required for
S ronttolied s lighting in the Bantu
‘Township without interference 1o other pre-
ferential channels.

In the remainder of the Bantu Township,
that is in the married quarters, each house



has been provided wuh a supply of eleu
tricity iogether with street lighting which
beda e v llebic Bx every street. ThL‘
street lighting installation is remotely ¢
trolled already shown in detail in
this paper, this was only made possible by
the financial savings obtained thereby as the
funds made available for this kind of service
in the Sasolburg Bantu Township was very
limited.

Once a supply of electricity has therefore
been made available 10 the individual homes
in a Bantu Township then adequate streel
lighting which is also regarded as an essential
service judging from previous papers and
discussions delivered at these Conventi
can be provided very economically with the
aid of a remote control system.

7. CONCLUSION.

1 think I would be failing in my duty if 1
did not point out that success with load
shedding can only be achieved if (he network
under control  has sufficient  electrical
apparatus which can be switched off during
the peak periods. Indications, however, are
that the sale of domestic water heaters in
this country and elsewhere over the past few
years has reached such proportions  that
most Eleetricity Supply Undertakings must
be supplying & fair amount of power to this
kind of domestic apparatus. In this respect
it may be of interest to refer 1o the following
extract from a paper read at the twelfth
British Power Convention held at Bourne-
mouth, United Kingdom last year, by T. E.
Daniels on “Electricity in the home.”

“Disposals of electric immersion heaters
in the last vear or two give a clear indica-
tion that we are rapid] ly moving towards
nearly 100% saturation in those premises
whue the plumbing nrrungemgnl-\ permit

a heater of this kind 0 be w

It may be that the time is opportune for
us ta consider seriously that_ builders of
new property shoul tall  hotwater
wvessels of not less than S0-gallons capacity
with suflicient accommodation for them '
to be properly heat-insulated, if not now,
at a later date so that the load can be
taken at off-peak hours either by local

time-switches or by means of supervisory
control. We may be wise in making our
plans now for water heaters with loads of
perhaps and (o be considering the
appropriate ways of connecting these.

I .am of the opinion that this may become
an important aspect of domestic power
supply in this country as well, because most
Electricity Supply Undertakings will be, or
are already faced with a similar problem. In
this respéct load shedding experience in
Sasolburg has also shown that at least 33%
of the total load taken during peak periods
is due to the water heater load and that
approximately 25% of the total installed
water heater load could be shed during peak
periods. [t was further established that the
control of a 30-gallon capacity water heater
is rather critical as the switch-off period had
i0 be kept within reasonable limits if incon-
venience to the consumers was 10 be avoided
which is essential with any load shedding
operation. The installstion of a S0-gallon
capacity domestic water heater on the other
hand would naturally mean that far greater
success with load shedding can be achieved
as the switch-off period can be increased
considerably. It should then be possible to
fill up the valleys on the load curves that
normally exist beiween 22.00 hours and 4.00
hours with a resultant greater improvement
in the load factor. The installation of a
S0-gallon capacity domestic water heater,
apart from its initial greater installation cost,
must therefore eventually pay handsome
dl\lld:lld) as the sale of electricity during the
off peak periods can be at a very low tariff.

Generally speaking, however, it can be
said that a remote control installation will
be justitied where the Electricity Supply
Undertaking makes special efforts or already
has a sufficient number of domestic water
hr.ll:n installed so that the load factor can

improved by the additional sale of elec-
Ih\.ll) dunng the off peak hours. This will
also apply to electric storage heaters which
are becoming increasingly mare popular for
the space hmmﬁe of offices and public
buildings during the off peak hours.

Briefly then the following conclusions can
be made when considering this question of
remote or load control: —
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. Once an_Electricity Supply Under-

taking's distribution’ network has suffi-
cient  electrical apparatus  installed
which can be switched off during the
peak periods load shedding becomes
economically justified both on capital
investment and running costs of the
distribution system.
Technically the system must be of a
very sound design if trouble from
interference voltages is to be avoided
and the maximum benefits can be
derived from the load shedding opera-
tion. At the same time simplicity of
construction of the various compotients
must be observed so that normal test
room facilities and staff can handle the
muintenance of the system.
From operating experience it has been
established that the maximum period
a 30-gallon capacity water heater can
be controlled is “approximately 1}
hours during theevening peaks and 2}
hours during the morning peaks with-
out inconveniencing the consumers.
The sale of domestic water heaters in
this country and elsewhere seems to
indicate that most Electricity Supply
Undertakings must at present be sup-
plying a considerable amount of power
to this kind of apparatus during peak
load periods. In the case of Sasolburg
this amounts to approximately 33% of
the total load taken during peak
Is. whereas 25% of the total
installed water heater load could be
shed during peak periods.

on domestic premises will eventually
be justified e as these can be
heated up during the off-peak hours
without causing inconvenience 10 the
consumers particularly as the domestic
demand for power must increase with
the rise in the living standard of our
consumers.

6. Apart from the business of keeping
the peak load under control, the super-
visory control of mew street lighting
installations becomes an  economic
propasition.

Once a remote control system of a
suitable type has been installed it is
oon _realised that many additional
functions can be performed which will
suggest themselves almost immediately
1o the Supply Authority Engineer with
a particular problem of this nature.

It must, however, be appreciated that the
installation of a remote control system by
any Electricity Supply Undertaking intended
primarily to keep the system peaks under
control, will need a thorough and careful
analysis of the load characteristics of the
sysiem but ai the same time il was pointed
out that other applications exist, apart from
the business of keeping the peak loads down,
which can fully justify the installation of
such a system,

In conclusion it is hoped that this paper
will serve a useful purpose in making avail-
able some information relating to this
question of load or remote control and 1
would I‘rk:l to thank the Sasolburg Village

=

It would appear that the i ion of
larger capacity domestic water heaters

Board of for
of presenting this paper to the Association.



ANNUAL REPORT OF THE
SECRETARIES

To the President and Members of the Asso-
ciation

Mr. President. Gentlemen,

ives me great pleasure (o submit 10 you
the }mnul Report of your Association (0~
gether with the Revenue and Expinditure
ance Sheet for the financial
year ended 28th February, 1961

Obituary:

I deeply regret having to recond the pass-
mg of Memben and others who have been
ith the Association. Firsily,
1o refer 10 the tragic death of Councillor
M. Gild of Durban, whose aircraft was re-
ported missing on the eve of the 34th Con-
vention. Councillor Gild served on the
Executive of the Association.

Another Councillor representative to the

A,M.EU Cnu ncillor A, Markman, one of

beth's most popular and success-

lul Mnyﬂn lrnm 1958 10 1960, pﬂs-\d away
at the beginning of December, 1960,

One of our very carly Members, Mr. G.
Mercier (an Associate Member at the time
of his death) and who was ¢lected a Member
of the Association in 1919 when in the ser-
vice of the Bethal Municipality, died in Sep-
tember, I

The Association and Members lost a
reat friend in the ing of Major S. G
edman on the 4ih June, 1960. Major Red-
man came to South Africa in 1937 1o become
ma first muduu ‘partner of Merz & McLellan
ica). From that year onwards

nnul 1959 Mapr Redman attended every
Convention of the Association. In 1956 the
Association extended honorary membership
to him. In the death of the Major l}w
U nd all others who were privil

him have lost o sincere {riend, u
gl 1n! e Pullid. s oF 1ha word.

Thirty-fourth Convention:

The 34th Convention of the Association
was held in Durban [mm "[uhdny. 3rd May,
1960, to Friduy, 6ih May, 1960 Delegates
were welcomed by His Worship the Mayor
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of Durban, Counciller Cyril Milne, who alw

ofcially -u)cned the Convention. The

of members, delegates, n:pm-
. visitors and  ladies

\rnl:n‘:vﬂ_ nﬂn
amounted to 501.

On behalf of the President, Members of
the Association and all others who attended
the Convention held in the Durban City Hall
[ have pleasure in recording appreciation to
His Worship the Mayor and City Council-
Joh of bt <ity for b hospitality extended
to those who attended the Convention. I also
wish 0 exiend sincere thanks to lh: City
Council and 1o the various of ereof
for their unstinted assistance in the mgxrmu-
tion of the Convention.

To the President | have much pleasure in
p]m.mg on record the appreciation of ll con-
med for his dignified and effective dis-
;harge of his duties. Our grateful thanks are
also extended 1o Mrs. Simpson for her sup-
port.

Although I do not wish tw introduce the
precedent of referring o the Presidential
Address in the Annual Report, I crave Mr,
Simpson’s indulgence in this instance to refer
10 one aspect of his address at the Durban

Convention. He referred to the possibilities
of hydro generation of clectricity with par-
ticular reference 0 Natal. Ii is significant

that following from this we are going 1o have
lh: pleasure of having presented 1o us at the

35th Convention a mu«! important _paper
entitled *“The Ut of Hydro Electric
Power in the Union ol Snulh Africa."

The first paper presented 1o the Conven-
tion was “Some Fconomic Aspects of
Nuclear iner sumun Opemuon by Mr.

cering, Umvrmly of Natal, which was a fur-
ther valuable contribution on this aspect of
yet of

D
indertakings in Southern Afric one

which they cannot afford 10 lose h.yu of in

the point of view of future developments.

The next paper to be presented was “A
Survey of the Control of Stage Lighting”, by
Mr. J. T. Wood. In its presentation Mr.
Wood referred 1o certain aspects of this sub-



ject which were not covered in the printed
version of the paper, and in particular dealt
with equipment naw available for small halls
at a moderate price.

The final paper “Electrical Protection of
Distribution Systems™ by Mr. J. Michel-
Smith, B.Sc. (Eng.), formerly of the Elec-
tricity Department, City of Durban, evoked
informative discussion.

The symposium on the Supply of Elec-
tricity to Native Townships was a most suc-
cessful feature of the Convention and 1 wish
to thank all those who prepared contribu-
tions. To Mr. G. Masson of the Eleetricity
Department, Johannesburg, we are pa g
larly grateful for his detailed work in pre-
paring a report on electrical work planned
of in progress in the Native areas. The
exchange of information through the sympo-
sium was, we are confident, of value to all
Members involved in the problems of elec-
tricity distribution in Native areas.

The high standard of Members™ Forum
was again well mainwined and our thanks
are again due (o Mr. J. Mitchell for con-
ducting the Forum, A number of questi
proposed to the Forum concerned economi
aspects of Municipal Electricity Undertak-
ings and the hope was expressed that this
most important aspect would be dealt with
further at a subsequent Convention. The
suggestion is recel the most serious alten-
tion of the Executive Couns

The Convention unanimously accepted the
recommendation of the E

Executive Council
that Councillors C. F. Castelyn and L. P.
Davies of Bloemfontein and Springs respec-
tively be elected Honorary Members of the
Association.

It was unanimously agreed to accept the
invitation of Livingstone to hold the 35th
Convention in that town.

Membership:

The following new members were elected
during the year ended 28th February, 1961:
Councillor Members

Walvis Bay Municipali

White River Municipality.

Vanderhijlpark Municipality.

Carletonville Municipality,

Knysna Municipality.
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Engineer Members:

U. B. Gresse (Nelspruit)

W. Bozycsko (Edenvale).

F. R. Waldron (Walvis Bay).

1. J. Boshoff (Ceres).

H. ], Gripper (Knysna).

1. W._ Pretorius (Nigel).
Associates:

J.J. Greef (White River).

V. G. Flint (Middelburg, Transvaal).
Associate Members:

W. P. Ford (Central Electricity Corpora-
tion Lid.).

G. B. Gill (Zululand Electrical Utility Co.
(Pty.) Lid.).
Affiliate Members:

N.V. Nederlandsche Kabelfabrieken, Lid.

The fololwing resignations took place:
Councillor Members:

George Municipality.

Upington Municipality.
Affiliate members:

Pretoria Metal Industries Lid.

John Brown Land Boilers Africa Ltd.

Sir Alexander Gibb & Partners (Africa).

Morgan Crucible Company (SA) (Piy.)

1d

Lusika
(transfer

Comparative membership figures are as
follows:

Electricity  Corporation  Lid.
)

1959/60 1960/61

Councillor Members 120 124
Engineer Members 19 18
Honorary Members AR

e Members 30 29
Associates 9 10
Affiliates 90 85

Finance:

The Income and Expenditure Account for
the year under review and the Balance Sheet
as at the 28th February, 1961, which are sub-
mitted 10 you call for analysis in view of

the fact that an excess of expenditure over
income of RS69.00 (£285) is reflected
therein.

The major increase in cost structure over
the previous year, amounting to R



ASSOCIATION OF MUNICIPAL ELECTRICITY

BALANCE SHEET —

1960
R

9490  Accumuratn Fusps 4,460 8,920

8,184 Balance at 29th February, 1960 4745 9,490
306 | Less: Excess of Expenditure over In-
come for the year ended 28th Febru-
ary, 1961 - e 285 570
Provisions 179 358
178 Agents' Commission 90 180

- Sales Commission . 89 178

1,796 SuNDRY CREDITORS —
—  SUBSCRIPTIONS IN ADVANCE . 496 992

—  DEposits ON_LIVINGSTONE CONVENTION
TRAVELLING EXPENSES et 1.851 3,702

—  GRANT RECEIVED IN ADYANCE FOR LIVING-
STONE CONVENTION EXPENSES = 250 500

DAVIDSON AND EWI.NG (PTY.) LTD.,
Per G. EWING,
Secretaries,

Rapun of the Auditors fo the Members of the Association of Municipal Electricity Undertakings of
it thal wo have cxamined ihe books, sccounts and vouchers of the Assacition for the

oty . Ielrmaiion Bt explaamilocs’ WS, equined. in Our opiion tos abor Bdtanss

i EebriAny TIo), acoontiag i The Besy il whe Iformation nd 1. echIuvatinus givca vo

Johannesburg, 7th March, 1961,



UNDERTAKINGS OF SOUTHERN AFRICA

28th FEBRUARY, 1961

1960
[ £ R
2 PRESIDENTIAL BAnGE 1 2
Nominal Value
110 FurNITURE AND FrimiNGs —at cost less
depreciation 49 9%
7.930 INVESTMENTS 4,155 8310
200 6% Permanent Paid Up Class *
Shares of R10 each, fully paid . 2000
Fixed Deposit 3994
Savings Account 2316
1876 DERTORS 1050 2,099
40 PAYMENTS IN ADVANCE 91 182
20 DEPQSI'I
n and Ewing (Proprietary)
lellmi 10 20
1486 Casn AT Bank 1.880 3,761
RI1464 £1.236 R14,472
.
R. M. O. SIMPSON,
President.
Southern Africa:
year ended 28th Fobruary, 1961; we have satisfied curselves of the existence of the securitics and have

Properly drawn up so a5 fo exhibit a truc and foir view of the staie of the affaim of the Association

and as shown by the books of the Association.
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Auditors.



ASSOCIATION OF MUNICIPAL ELECTRICITY
INCOME AND EXPENDITURE ACCOUNT

1960
R £ R
38 Audit Feel960 19 38
2 Bad Debts—Sale of Proceedings — L
24 Bank Charges 14 28
2,892 Convention Expenses 1,940 3,881
12 Depreciation—Furniture and Fittings 6 11
592 Executive Council Expenses 363 126
34 Insurance 9 18
174 Postages and Telegrams (General) b C] 138
120 Presidential Chain written off = —r
678 Printing and Stationery 175 350
Cr.206 Proceedings 39 78
1,800  Secretarial Fees 900 1,800
30 Subscriptions Paid 15 30
116 Sundry Expenses 13 25
70 Telephone 43 87

ASSOCIATION OF MUNICIPAL ELECTRICITY UNDERTAKINGS
OF SOUTHERN AFRICA

Schedule |
PROCEEDINGS:

Cost of Printing 1,946
Provision for Sales Commission 178

Provision for Agents Commission 1961 180
Less: Overprovision for Agents Commission 1960 e 157
2281

Lesst  Advertising (gross) 1,783
Sales 420 2203
Net Loss on sale of Procecdings Rou7e
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UNDERTAKINGS OF SOUTHERN AFRICA
FOR THE YEAR ENDED 28th FEBRUARY, 1961

1960

£ 3

384 Interest on Fixed Deposits and Savings Account 190 380

2790 Subscriptions—Afiliates 1384 276

3,506 Subscriptions—Council and Other 1746 3492

2 Sundry Revenue -
Cr.306 Excess of Exp over Income 10

Funds 285 569

£605  R7210

(£312) included in Convention Expenses re-
presents the increased cost of printing the

tion in gross advertising revenue was brought
down to R134 (£67). Revenue from sales
The

Papers and Contributions to the
The increased lengih of the prinied matier
circulated prior to the Convention compared
with that of the previous year was 52 printed
pages. In addition, the large number of
blocks incorporated and certain tabulated
data increased e printing costs by morc
than the proportionate increase attributable
10 the number of pages involved
1 next wish to refer to lhe loss of R78
(£39) compared with a profit of R206
(£103) in the 'pmmm. year incurred on the
i Certain

of was slgihtly reduced.
mcmved size of the Proceedings (16 extra
ges) together with the cost of Art Work

und new Blocks for Papers as well as re-
setting of portions of Papers all necessitated
by authors’ alterations to illustrations and
text, resulted in an increase in printing costs
of RIS6 (£78)

Other items of expenditure do not call for
any particular comment.

Despite the above factors, the accumulated
funds of the Association still stand at vJus
figure of R8.920 {E4460]

it is idered that no radical

who last yea o
revenue to the extent of RM (£121) this
year found it necessary (o prune their adver-
lising allocations and revenue to this extent
was thereby lost. However, through the
introduction of new advertisers, this reduc-
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in its financial affairs are ﬂlled for u this
stage. Altered conditions over the next

or wo may result in a more sanslacmry
halance heiween income and expenditure
being achieved




Messrs, Kane and Downey continued to
constitute the Finance Committee of the
Association during the year under review
and once again | thank them sincerely for
their assistance. The support of the adver-
tisers in the Proceedings is once again
acknowledged with appreciation.

General:

The Regional Branches of the Eastern
Cape and Natal continued to function satis-
faciorily during the year under review,

Jnhmne\lmrg again acted as hosts for the
ecutive Meeting in 1960, and on
l‘h.l\ri" n[ all wu\xrned we convey thanks for
the hospitality extended to the Executive
Council on this occasion.

To the various members of Sub-Commit-
tees of the Association and representatives of
other Technical Commitiees and Orgas
tions we convey the appreciation of the As
ciation for their invaluable work during the
year under review.

To you, Mr. President and all Members of
the Fxecutive Council I express sincere
thanks for the assistance and courtesy
extended to us during the past year.

To the Association and all its Members
we extend best wishes for 1951/62.

R. G. EWING,

for DAVIDSON & EWING (PTY.) LTD,,
Secretaries.

15th March, 1961

REPORT ON THE ACTIVITIES OF
THE SOUTH AFRICAN BUREAU OF
STANDARDS RELATING TO
ELECTRICAL ENGINEERING

Mr. President and Gentlemen.

I have much pleasure in presznting the
report on the activities of the South African
Bureau of Standards during the past year:

CABLES
S.A.BS. 97— I'up(‘r Insulated Cables for
General Purpose

The first revision of this specification was
approved by the Standards Council on the
Sth October, mv and this is now available
in printed fon
$.4.85. 98 'Pﬂ[i(’l‘ Insulaied Cables jor
Heavy Duty

The first meeting of the committee
appointed to revise this specification and to
bring it into line with the revised S.A.BS.

97, was held on the Sth April. 1960. The
document a5 amended is-being g prepamd for
submission 1o the Standards Council,

S.ABS. 182 Copper Wire and Bar jor
Electrical Purposes
nm committee appointed to draw up this
ion was reconstituted and copies of
dm.umenh together with minutes from pre-
vious meetings have heen sent out to mem-
s of reconstituted committee.

S.ABS. 168—Medium Voitage Vulcanized
Rubber Insulated Cable and Flexible Cords
for Power and Lighting Purposes

Fu]lnwmg ihe decision by the Standards

9th December, 1957, that
mr.-auun and alsn SABS. 168 be
itiee

re-
s reconstructed and
a meeting was held on lhc 23nd March, 1961.

§
},’:d the comm

DOMESTIC APPLIANCES AND ELEC-

TRIC INSTALLATIONS

5.ABS, SV, En—&;’eiy Specification for

Domestic Radio and Electronic Apparatus
A draft for comment was circulated on the

6th April, 1960. Due to the lack of replies 1o

this notice the closing date for comment was
extended and it was then decided 10 await



issue of the revised LE.C. draft before pro-
ceeding with the project. Copies of the LE.C.
revised draft have now been issued to the
committee and a meeting was held on the
7||| February at which the project was final-
y the committee, bringing it into line
mlh current LE.C. practice. The final draft
is now being prepared for submission to the
Standards Council.
S.ABS. 151-1958—Fixed Electric Storage
Water Heaters
ing was held on the 28th April.
uss a proposed amendment to
the specification.

S$.A.B.S. 155—Miniature Circuit-breakers for
Lighting, Heating and Domestic Installations
and

S.ABS. 156—Miniature Circuit-breakers for
the Protection of Electric Motors

Two meetings were held on the 1st Aprll
and the 10th November to
standard for Moulded Case Ci r|. breakers,
intended to supersede S.A.B.S. 155 and 156
The committee has finalized the draft speci-
fication which has now to be submitted to
the Standards Council for approval.

S.ABS. 184 — Electric Heating Pads and
Blankeis

This specification was finalized at the 6th
meeting of the committee held on the mh
Scp«cm:mr, 1959, It was approved by
Standards Council on the 4th A;ml 1960 a“d
is now available in printed form.
S.ABS. 185—Immersion H’mlm for Port-
able Electric Appliances

The specification for immersion-type heat-
ing units for use in portable appliances for
heating water and non-corrosive agueous
solutions (viz. kettles, coffec reolators,
elc.) was at the wmnd meeting held
on the 18th February, 1960. It was approved
by the Standards Council ou :be 4\: April,
1960, and has now been publishs
S.ARBS. 186—Impulsing Ennpy gty
for Electric Heating Units

This specification was finalized at the
second meeting o uz Sth July, 1960, and
was approved by dlrds Council on
the 28th November, 1960, The specification
is at present with b printers but roncoed
copies are available,
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DISTRIBUTION
S.AB.S. \T\—Low Voltage Lighining Arres-
fors

This specification was finalized at the third
meeting held on the 12ih November, 1957,
but was brought back to the committee for
a furlher meeting on the 7th August, 1958.

document was submitied to
the; Standards Council an the 9th June, 1960,
and has now been published.
S.A.BS. 177—Porcelain _and Toughened
Glass Insulaiors for Overhead Power Lines

Previously SA BS. 178)

A meeting was held on the &th November,
1960, at which the second committee draft
was discussed. A draft for comment is under
preparation and will be issued shortly.
S.A.BS. 188—High and Low Voltage Busk-
ing Insulators
S.A.BS. 187—Standard Bushings for Voli-
ages up (o and including 36 kilovolts
(Previously S.A BS 179 High and Low
Voliage Bushings

Three mmmp were held on the 30th
June, the 28th July and the 8th December.
The committee decided that the specification

divided into the two sections as above,
and drafts of the two pmpmed specifications
were riher meeting will be
held before the dr.ifl'c for comment are
issu

TRANSFORMERS
. A HS S17—Distribution Transformers

of this committee were held on
|||e 2ouh & Apnl 2|u May. xrd June and 10th
June, 1959. A tee draft has been

repared for nu‘hmmmn m rh: committee,
after which a draft document will be issued

CODES OF PRACTICE
The Handling, Installation and Operation of
Electric Cables
No meetings of this committee were held
during the period under review,
Code of Practice for the Testing of Power
Transformers
At a meeti

held on the 12th April, 1960,
it was decided thas

t a project to compile @



code of practice for testing power trans-
formers be recommended to the Standards
Council for approval.

AMENDMENTS

ing m: yﬂlr under review amendments

154—uumc Cooking Plates; and
.B.S. 185—lunimersion Heaters for Port-
able Electric Appliances, Apparatus, Con.
nector Type.

J.C. DOWNEY,
AM.EU. Representative (0 S.AB.S.
Commitees.

ELECTRICAL WIREMEN
CONTRACTORS" BOARD
Mr. President, Ladies and Gentlemen,

There were twelve meetings of the Board
during 1960, one of which was a special
meeting to again consider- possible amend-
ments 10 the Act. The Examinations Sub-
Committee met on four oceasions during the
year.

393 applications for registration were con-
sidered during the period under review and
148 registration certificates were issued,
bringing the total number issued since 1940
1o 7,702,

Concerning examinations, 527 candidates
wrote the sections of Section A and 15.2%
became_eligible for the practical examina-
tion. 277 candidates presented themselves
for the practical examination and 51.6%
passed. In both sections of the examina
the results are poorer than corresponding
results in previous years.

The magisterial arca of Umzinto and the
municipal areas of Bothaville nnd Winburg
were determined during the year bnngmg
the total number of areas determined to 117
at the end of 1960.

Concerning amendments to the Act the
Board has recommended alierations fo
Section 19 of the Act that should remove the
anomally concerning the troubles over test-
ing and connecting premises wired by
Government or Provincial authorities. In
addition a further amendment pmpom
excludes elevators from inspection by
local authorily. Finally a proposal Uul ul]
contractors be registered in a_determined
area has been accepted. It is of course not
kmwn when the amendments will be

A oemm amount of lime has been spent
by the Board on the question of Native
trainces and the licensing of these. It is more
than possible that some form of registration
of limited scope for use in Native areas only
will result.

Tam indebted to the Toard for permission
to submit this report and also to our
embers and Executive for proposing me
to represent the Association for a further

period of office.
R. W. KANE, Representative,



WIRING REGULATION
COMMITTEE

During the period under review the Com-
mittee has met on four occasions a e
main business has been the consideration of
proposed amendments to the Regulations
concerning  auto-transformers, control of
signs, underwater lighting, ||Hs. hmmum
situations, mixed loading or esli
mated load and the current nmngs of pic.
cables,

In addition a number of queries concern-
Eﬁ“lﬂmmmm of the Regulations were

Since my last report the Commma: has
been augmented by represent
the SAR. & H. and by the Elec
Manufacturers of South Africa.

Members will be interested to know that
at the end of February, 1961 appruxlmalel)
3,550 copies of the English version and
copies of the Afrikaans version have been
sold. The Afrikaans version has the errata
slip inserted that was referred to last May in

possible that a few purchasers
have not received this and an approach to
the South African Institule of Electrical
Engineers will be welcomed.

Concerning Regulation 204 on estimated
load, all large supply authoritics were
approached for information concerning their
habits and opinions. The Committce is very
grateful (0 those o) Aol
copies of the replies received have been
forwarded 1o those authorities. Somewhat
associated with this investigation was an
approach to the five Provincial Ad ministra-
tions for details concerning their procedure
on the promulgation or otherwise of the
Regulations and” which towns or suj
authorities have adopted one or other of the
edmom Al the time of preparing this report
only three Administrations had replied, 1t
is, howcw:v obvious that habits differ
between provinces, for example, the Elec-
tricity Supply Commission apply the latest
editions of the Regulations Union wide,
certain_Transvaal supply authorities also
imediately apply the latest edition; a move
is afoot in Natal for a similar approach
through Provincial Administration t;snncli
South West Africa has promulgated their

L Cable
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own Regulations mainly based on the 1955
edition, the majority of supply authorities i m
the Cape and Orange Free Siate

adopted the 1955 edition. The balance Uf
the country and certainly some of the Trans-
vaal authorities are apparently still con-
with the First Lmlmn published in

G
1940,

Arising from the above replies concerning
Regulation 204 and the Provincial procedure,
your Committee is inclined to the opinion
that the requests for amendments of Regula-
tion 204 may not be warranied in so far as
it appears ~ that was considered

extremely conservative in the editions up to
that of 1955 — namely the estimated loading
of socket outlets — has been materially
altered in the 1960 edition and n is felt m

some further expericnce must be gai
the application of this latest edition bc[am
Regulation 204 is altered if at all.

Another matter ol interest mnecm.s Ihn
current rating of p.v.c. cables
loophole in the 1951 and 1958 uhl.mni lhc
country has aj ntly accepted ratings
somewhat comparable to those of
insulated cables, The introduction of the
1960 edition has created (for those who have
adopted this edition) a problem since V.R.I.
ratings are specified. Considerable discussion
has ensued and since to date no authoritative
guide can be obtained from mhcr overseas
or locally, the Commitice has
await such an issue before muymmandmg
any alterations. The whole problem high-
lights the necessity for means of universa
adoption of the chulumm throughout the
country and possibly some approach to the
Provincial Administrations may help in this
direetion.

Finally there is a matter of interest regard-
ing the use ul' mmmr insulaied cables for
space heatin Regulations
and pumcuhrly Tablc 12 only treat these
cabl normal conduclors. I stands lo
reason lhal when used for space heating or
heating =l=mcnu 4 considerably higher

current_ i and m:ocﬂluhie T'Ill<
value is munlly ar{u:fu
tables.

1. €. DOWNEY, Representative.



REPORT OF THE RECOMMENDA-
TIONS COMMITTEE FOR NEW
ELECTRICAL COMMODITIES

Mr. President, Gentlemen,

A brief summary of how this Committee
is constituted and its functions will not be
out of place.

. REPRESENTATIVES.

() AMEU, — J. L. vd. Walt —
Chairman, J. €. Downey,

(2) Mr. R. W. Kane.
3) Snmh Alrmm Bumm of hlamllrd\ -

iddlecote, Mr. D.
Jonts
(4) SALEE. qug Regulations Com-
mittee — Mr. raser, Mr.
Dannenbaum.
5) Elmncny Suppiy Commission—Mr.
Barnaj Mr. W. Sieen-
Slm:lwn
(6) Electrical

Engineering and Alhed

Industries  Association Mr.

Morrison.

Electrical Contractors Association of

South Africa — Mr. F. B. Gibson,

Mr. J. M Fraser.

(8) Secretaries — Messrs. Davidson and
Ewing fPIy) Lid.

(

2

2. FUNCTION,

The function of this committee is to
investigate new electrical commaodities for
which no standard specification exists, and
then, after considering test reports, practical
installations, w: unJy recommend 1o its

VERSLAG VAN DIE AANBEVELINGS-
KOMITEE VIR NUWE ELEKTRIESE
‘ARE.
Mencer die President, Menes
Dit sal paslik wees om 'n korl uiteenset-
ting van dic samestelling en funksies van
hierdie komitee te gee.

1. VERTEENWOORDIGING.

() VMEO —J. L. \rd Walt—Voor-
sitter, J. C. Downg
Mar. R. W, Kaue‘
SABS. — Mnr. A. A Middlecote,
Mar. D. 1. Jones.

SALEL Komitee vir Bedradingsre-
gulasies — Mnr. 1. C. Fraser, Mur.
A. Dannenbaum.

Elek svoorsieningskommissie —
Mur, . W. Barnard, Mnor. W. Steen-
Stenerson.

Elektriese Ingenieurswese en Geal-
ligerde Indutrieé Vereniging — Mar,
J. Morrison.

Elekiriese Kontrakieurs Vereniging
van S.A. — Mur. F. B. Gibson, Mnr.
J. M. Fraser.

(8) Sekretarisse — Mnre, Davidson en
Ewing (Edms.) Bpk.

2. FUNKSIE.

Die funksie van hierdie komitee is om
aunsoeke vir die gebruik van nuwe elektriese
ware waarvoor daar geen sianduard spesif-
kasie bestaan nie te o en nadal

raktiese

members that found
suitable for use. Tlle S.ABS. acts as testing
authority, only upon requests of the Com-
mittee, after an application has been
ived. Applicants must therefore submit

their applications and samples (o the Secre-
taries as well as samples for testing purposes
to the S.ABS.

It is the responsibility of the applicants (o
submit the test reports to the Committee.

The Committee may also request the
SABS. (0 subject the sample to certain
tests.

piat

besigtig is, slegs aan lede aan te bzvael nl
s0 'n ware geskik vir gebruik is, al dan nie.
Die SABS. doen die toetswerk alleen op
versoek van die komitce nadat 'n aansoek
ontvang is. Applikante moet dus hulle aan-
soeke en monsters aan die Sekretaris stuur,
asook monsters aan die S.ABS. vir toets-
doeleindes.

Dit is die verantwoordelikheid van die
applikant om die toetsuitslae aan die komitee
te stuur, Dic komitee mag ook die S.A BS,
versoek om sekere toetse uit te voer.



It must be noted thai the Commitree does
not  consider _commodities for which a
standard specification exists. If is the respon-
sibility of the Engineer 1o satisfy himself
that the commodity offered does conform
with the standard \,m—r'ﬁ( ation

During the year two meetings were hc}d
and members were advised of 1 io
of these meetings through the usual V\CW\
bulletins. Members are advised (o record
these recommendations and thus obviate
unnecessary enquiries,

Members are reminded of the fact that
these news bulletins are private and confi-
dential and not for publication. The Com-
miltee will appreciate it if members treat it
as such.

During the year a number of applications
were received for the installation of various
makes of apparatus for boiling water, usually
of the quick boiling type. Committee
could not consider these as a specification
exists for water heaters and members must
satisfy themselves that the articles comply.

The Committee continues to provide a
useful service to its members which is borne
out by the number of applications received.

J. L. van per WALT, Chairman.

Daar moet op geler word Jm dle ,g,m,im
nie aansoeke oorweeg waar
standaard-spesifikasie vir die wam ?u.rfqun
nie. Dit is die veramwoordelikheid van gdie
ingenicurslid om toe 1 sien dat sulke ware
wel aan die standaard-spesifikasie voldoen.

Gedurende die jaar was twee vergaderings
gehou en lede was deur die gewone nups-
briewe van die bevindings verwittig. Lude
word aanbeveel om hierdie bevindings  fe
bewaar en sodoende onnodige navrae uit te
skakel.

Lede word ook daarop gewys dat hiergie
nanbevelings privaat en vertroulik en
vir publikasie is nie. Dic komitce sal it
waardeer indien lede hierdie aanbevelings as
sulks sal beskou.

Gedurende die jaar was 'n aantal aansocke
vir waterverwarmers (van die vinnige sooft)
ontvang. Die komitee het hi aansoeke
nie 0orweeg nie, aangesien Skl speslfi-
kasies reeds bestaan en lede moet toesien dat
die produkte daaraan voldoen,

Die komitee gaan voort om ‘n nuttige
diens aan lede te lewer wat uit die aantal
aansocke wat ontvang word blyk,

1. L. van pex WALT, Voorsitter,

REPORT ON ELECTRICAL WORK
PLANNED OR IN PROGRESS IN
THE NATIVE AREAS

At the 34th Convention it was suggested
that this report should be kept up-to-date.
The members who had sulm:nlled m[urma
tion upm: which the 1960 report

were requested (o submit d:ullsal nny work
completed during the past year and copies
of the questionnaire were sent to additional
members who were thought to lme carried
out work in their Native ‘our new
returns were received and lhm are shown
on Schedule A which is in the same form
as the returns submitted 1o the 34th Con-
vention.

Schedule B shows the replies received from
authorities who have carried out work
during the past 12 months.

G. MASSON.
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UNDERTAKINGS OF SOUTHERN AFRICA

ELECTRICITY FOR DOMESTIC PURPOSES BY AFRICAN NATIVE FAMILIES.
SCHEDULE “A”™
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SCHEDULE B.
WORK DONE DURING THE YEAR 1960.
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